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INTRODUCTION 


TO   THE   FIRST   EDITION. 


London^  1819. 

AwABE  of  the  objections  that  may  attach  to  the  measnre 
cultiYating  improvements  in  warlike  practice  through  the  m 
dium  of  the  Press,  I  must  explain  the  circumstances  which  ha' 
led  to  the  publication  of  this  Work. 

Having,  during  the  war,  made  observations  and  form< 
opinions  respecting  the  state  of  Gunnery  in  the  British  Nav 
which  led  me  to  reflect  studiously  how  this  important  bran< 
of  our  martial  system  might  be  improved,  I  occupied  myse 
for  some  time  after  the  dose  of  the  war,  in  composing  tL 
Work;  and  in  October,  1817,  transmitted  it  to  the  Lor 
Commissioners  of  the  Admiralty. 

The  long  absence  of  the  Senior  professional  Lord  (the  la 
Admiral  Sir  Oeorge  Hope)  from  the  Board,  and  the  chang 
which  took  place  upon  the  lamented  death  of  that  distinguish^ 
officer,  occasioned  some  delay  in  taking  my  papers  into  co: 
sideration;  but  I  was  soon  afterwards  honoured  with  "H 
thankM  acknowledgment  of  the  Naval  Administration  for  tl 
very  able  "  (they  were  pleased  to  say)  **  and  valuable  comm- 
nication  I  had  made ; "  but  no  decision  was  then  formed  as 
the  use  that  should  be  made  of  it. 

In  November,  1818, 1  was  honoured  with  a  further,  and  sti 
more  flattering,  acknowledgment  from  the  Admiralty,  accoi 
panied  by  a  request,  that  I  would  permit  a  Copy  of  my  Wo] 
to  be  retained  in  the  Admiralty  Office,  with  a  view  to  carry  in 
effect  the  whole,  or  any  part  of  my  plans,  hereafter,  when  tho 
considerations  and  financial  circumstances,  which  at  that  tin 
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prevented  their  adoption,  might  admit    To  this  communi 
I  returned  the  following  answer : — 

Sir,  Famham,  Nov.  29th, 

I  HAVE  had  the  honour  to  receive  your  letter  of  th 
instant,  in  which  you  acquaint  me  hy  Lord  Melville's  dire 
that  his  Lordship  and  the  Board  think  very  highly  of  the  r 
in  which  I  have  treated  the  important  subject  of  Naval  Gu 
in  the  several  MSS.  which  I  have  addressed  to  the  Admii 
their  approbation  of  many  of  the  suggestions  contained  in 
papers— and  their  request  to  be  permitted  to  retain  a  Copy 
Work  at  the  Admiralty,  in  order  that  they  may  be  enabled  U 
into  eflfect  the  whole  or  any  part  of  my  plans,  in  the  e^ 
changes  in  those  circumstances  and  considerations  which  at  ] 
prevent  the  adoption  of  my  suggestions. 

I  am  gratified  by  this  communication ;  and  beg  you  to  - 
to  the  Board  my  consent  to  their  Lordships'  retaining  a  ( 
my  Work ;  to  which  I  request  copies  of  all  my  Letters,  iiK 
this,  may  be  attached,  for  the  purpose  of  procuring  reference 
should  I  be  living,  at  the  time  ani/  adoption  of  my  plans 
contemplated. 

I  had  formed  an  intention  of  making  a  publication  up 
subject';  but,  considering  this  consent  to  the  request  wl 
Board  has  made  as  inconsistent  with  the  measure  of  public 
willingly  abandon  that  intention  unless  it  should  have  the  c 
tion  of  their  Lordships. 

I  have  the  honour  to  be, 

7b  Viee-Admrna  (Signed)        Howard  Dougl^ 

Sir  Graham  Moore^  K.C.B., 

In  answer  to  this  letter  I  was  soon  afterwards  acquai 
Vice-Admiral  Sir  Graham  Moore,  that  he  had  "  commi 
my  letter  of  the  29th  November  to  Lord  Melville  i 
Board,  and  was  authorized  to  acquaint  me  that  their  L 
did  not  see  any  objection  to  the  publication  of  my  i 
Naval  Gunnery,"  which  was  accordingly  soon  afterw 
turned  to  me,  for  this  purpose,  with  the  following  letl 
the  Secretary  of  the  Admiralty  : — 
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SiRy  Admiralty  Office,  25th  Nov.  181i 

i  My  Lords  Commissioners  of  the  Admiralty,  having  I 

under  their  consideration  yonr  Essay  upon  the  Theory  and  Praci 

of  Naval  Gunnery,  submitted  to  them  in  your  letters  of  the  1 

and  23rd  October,   1817,  command  me  to  express  to  you  tL 

Lordships'  thanks  for  the  communication,  and  for  the  attent 

I  you  have  paid  to  this  important  subject;    and  in  reference 

^  your  intimation  of  causing  it  to  be  published,  their  Lords}] 

farther  command  me  to  acquaint  you,  that  they  have  no  object 

1  to  your  doing  so,  if  you  should  think  proper ;  and  with  this  vi< 

;  I  am  directed  to  return  to  you  herewith  the  original  Manuscrj 

and  to  add,  that  a  Copy  of  it,  together  with  your  letters  addres 

to  the  Members  of  the  Board  upon  the  subject,  have  been  retaij 

in  this  Office. 

I  ajn.  Sir, 
Your  most  obedient,  humble  Servant, 

J.  W.  CrokBr. 
Colonel  Sir  Howard  Douglas. 

Upon  the  receipt  of  this  letter,  I  applied  for  and  recer 
Lord  Melville's  permission  to  dedicate  my  Work,  in  print,  to 
Lordship,  as  I  had  already  done  in  MS.,  and  I  send  it  foi 
conscious  of  its  defects,  as  well  as  of  my  inability  to  treat 
important  subject  in  the  way  it  merits. 


PREFACE 


TO    THE   FIFTH    EDITION. 


In  issuing  a  new  and  revised  edition  of  his  work  on  "  Naval 
Crunnery/'  in  which  considerable  alterations  and  additions  have 
been  rendered  necessary  by  the  revolution  that  has  taken  place 
in  the  methods  of  attack  and  defence^  both  naval  and  military, 
owing  to  the  rapid  progress  of  modem  scientific  discovery  and 
improvement,  the  author  considers  that  he  cannot  better  set 
forth  the  objects  and  views  with  which  he  has  entered  on  his 
labours  than  by  quoting  the  substance  of  his  application  to  the 
Lords  Commissioners  of  the  Admiralty  to  secure  for  his  new 
edition  the  high  patronage  that  had  been  accorded  to  those 
preceding  it 

**  The  fourth  edition  of  the  *  Naval  Gunnery '  being  exhausted, 
and,  in  fact,  out  of  prints  and  a  new  edition  much  asked  for, 
I  comply  with  the  demand;  and  am  engaged  in  the  very 
laborious  occupation,  at  my  time  of  life,  of  preparing  a  fifth 
edition  for  publication;  in  the  hope  that  the  Lords  Com- 
missioners of  the  Admiralty  will  permit  me  to  dedicate  the 
work — as  all  the  preceding  editions  from  the  commencement 
of  my  labours  on  this  subject  have  been  dedicated — to  their 
Lordships ;  and  that  I  may  be  permitted  to  announce,  in  the 
title-page,  as  heretofore,  that  the  work  is  published  with  the 
consent  and  approbation  of  the  Admiralty. 

^'  Grreat  changes  have  taken  place  in  the  condition  and  aspects 
of  naval  warfare  since  the  publication  of  the  fourth  edition.  I 
purpose  in  the  forthcoming  impression  to  apply  myself,  most 
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especially^  to  give  exact  accounts  of  the  Armstrong  and  the 
Whitworth  gons,  with  observations  on  their  comparatiye  merits, 
value,  and  the  uses  to  which  they  are  best  adapted ;  accompanied 
by  references  to  well-established  maxims  and  principles  of  the 
science  of  gunnery,  by  which  only  can  the  real-service  merits 
and  value  of  the  Armstrong  and  Whitworth  systems  be  correctly 
estimated,  fSairly  judged,  and  efficiently  applied.  I  propose 
likewise  to  examine  the  whole  question  of  metallic  defences, 
whether  applied  to  floating  or  to  land  batteries. 

"  These  new  subjects,  together  with  the  great  improvements 
now  effected  in  the  science,  practice,  and  service  of  artillery,  and 
the  introduction  of  steam-propulsion  to  ships  of  war— of  which  I 
have  ventured  to  treat  in  a  special  publication— form  a  new  era, 
and  will  make  a  total  revolution  in  aU  the  operations  of  naval 
and  military  warfare.  These  points  are,  therefore,  deserving  of 
the  most  serious  consideration ;  and  I  presume  to  apply  myself 
to  the  subject  accordingly,  however  incompetent  in  mental  and 
scientific  resources  I  may  be  at  my  time  of  life." 

Having  obtained  permission  of  the  Minister  of  War  to  have 
access  to  all  reports  of  experiments  made  by  his  authority,  for 
the  purpose  of  giving  a  true  statement  of  bare  facts  and  results, 
without  compromising  any  official  personage  on  the  one  hand, 
or  being  compelled  to  trust  to  reports  in  public  journals  on  the 
other, — which,  however  substantially  true,  can  hardly  be  ex- 
pected to  be  technically  exact, — the  author  requested  the 
sanction  of  the  Lords  Commissioners  of  the  Admiralty  to  be 
given  to  the  officer  at  the  hefui  of  the  Ghmnery  Establishment 
to  supply  him  with  such  information  as  had  been  afforded  by 
Captain  Hewlett's  predecessors  in  that  responsible  office,  of  the 
results  of  all  experiments  made  under  his  direction,  "  subject  to 
his  judgment  as  to  any  matter  that  should  not  be  notioed.** 
But,  BO  far  from  this  reserve  being  necessary,  in  the  author's 
opinion,  he  believes,  as  expressed  in  the  conclusion  of  his 
application  to  the  Lords  Commissioners  of  the  Admiralfy,  that) 
**  on  the  contrary,  all  that  we  are  now  doing,  to  improve  the 
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efficiency  of  the  Bervices,  not  only  adds  to  our  national  strength 
and  security,  but  tends  immensely  to  add  to  our  moral  strength, 
by  deterring,  and  even  defying  aggression ;  and  that  the  more 
formidable  we  make  our  preparations  appear  to  be,  by  giving 
them  publicity,  and  making  the  most  of  them  on  paper,  as  well 
as  in  &ct>  the  less  likely  shall  we  be  of  being  called  upon  to 
prove  that  force  in  reality." 

The  following  reply  from  the  Lords  Commissioners  of  the 
Admiralty,  according  the  permission  requested  by  the  author, 
was  received  in  answer  to  his  application,  the  substance  of  which 
is  embodied  in  the  foregoing  prefaca 

Admiralty,  March  13,  1860. 

Sm,— -Having  laid  before  my  Lords  Gonunissioners  of  the  Admi- 
ralty your  letter  of  the  12th  inst.,  requesting  permission  to  dedicate 
to  their  Lordships  a  fifth  edition  of  your  book  on  *  Naval  Gunnery,* 
and  that  the  officer  at  the  head  of  tiie  Gunnery  Establishment  may 
be  authorized  to  supply  you  with  such  information  as  may  be 
necessary  for  your  Publication ;  I  am  commanded  to  acquaint  you 
that  my  Lords  will  have  great  pleasure  in  accepting  the  dedi- 
cation of  your  book,  and  have  instructed  Captain  Hewlett,  of 
H.M.S.  *'  Excellent  '*  to  afford  you  all  such  information  as  can  with 
propriety  be  communicated  to  you. 

I  am.  Sir, 

Your  most  obedient  Servant, 

W.  Q.  ROMAINE. 

Oeneral  Sir  Howard  DouglaSy  Bart.,  O.CB., 
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NAVAL    GUNNERY. 


PART   I. 

■ 

ON  THE  ORGANIZATION  AND  TRAINING  OF  NAVAL  GUNNERS. 

1.  Soon  after  the  termination  of  the  wars  arising  from  the 
French  Eevolution  (of  1793),  the  author  published  the  first 
edition  of  his  work  on  Naval  Gunnery,  with  the  view  of  drawing 
public  attention  to  a  subject  which  he  considered  of  vital  im- 
portance to  the  interests  of  the  country.  This  he  was  induced 
to  do  in  consequence  of  the  very  unsatisfactory  state  of  prac- 
tical gunnery  at  that  time,  to  which  he  attributed  some  of 
the  disastrous  results  which  ensued.  To  the  remarks  which 
lie  was  then  led  to  oflfer  he  would  still  solicit  attention,  not 
for  the  purpose  of  conveying  censure,  which  is  far  indeed  from 
being  his  intention,  but  simply  to  show  in  bolder  relief  the 
improvements  which  have  since  been  made,  and  to  hold  out 
encouragement  to  the  exertion  of  every  eflfort  for  maintaining 
and  increasing  the  advantages  already  gained.  The  author 
here  takes  leave  to  state,  that  he  has  had  the  most  gratifying 
assurances  from  oflScers  of  every  rank,  and  of  the  most  dis- 
tinguished character,  that  the  present  improved  condition  of 
our  oflScers  and  seamen,  with  respect  to  this  essential  branch 
of  the  naval  profession,  is  mainly,  if  not  wholly,  to  be  attributed 
to  the  means  adopted,  conformably  to  his  suggestions,  for  its 
cultivation  theoretically  and  practically ;  and  he  hopes  he  shall 
be  able  to  show,  in  the  present  work,  the  necessity  we  are 
under  of  extending  our  Chmnery  JEstablishmenty  both  as  the 
best  means  of  keeping  up  and  advancing  our  attainments  in 
the  objects  of  instruction  there,  and  of  placing  the  country  in  a 
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state  of  eeoiirity  in  tlie  event  of  the  occurrence  of  any  s 
emergency, 

2,  When  the  fleets  of  Europe,  opposed  to  ne  in  the  1 

had  been  swept  from   the  face   of  the  ocean   by  the  gal    

achievements  of  the  British  marine,  a  period  of  triumphant, 
undisputed  dominion  ensued,  during  which  onr  seamen  were 
not,  in  general,  sulliclently  practised  in  the  exercise  of  tliose 
weapons  by  which  that  dominion  had  been  gained ;  but,  in  the 
pride  of  conquest,  were  suflered,  in  many  instances,  to  lose 
much  of  that  proficiency  in  warlike  practice  which  had  1 
acquired  in  a  long  series  of  arduous  service. 

3.  Heviewing  carefully  our  naval  actions  with  Euro 
enemies  during  the  whole  of  the  war  from  1783  to  1815,  i 
com|)aring  tbem  with  the  battles  wliich  were  fought  in  that 
which  immediately  preceded,  there  appears  abundant  proof  that 
the  navies  of  Europe  had,  in  the  later  epoch,  very  much  dete- 
riorated in  the  practice  of  gunnery.  In  tlie  later  years  of 
Napoleon's  reign,  though  considerable  improvements  had  then 
been  effected  in  the  marine  of  France,  tlie  state  of  practical 
gunnery  among  French  seamen  was  so  bad,  that  we  have  seen 
sliips,  strongly  manned,  playing  batteries  of  twenty  or  thirty 
heavy  guns  against  our  vessels,  without  more  effect  than  migbj 
easily  have  been  produced  by  one  or  two  well-directed  pioe 
and  we  have  seen  some  cases  in  wliich  heavy  frigates  liave  war 
powerful,  batteries  against  our  vessels  for  a  considerable  ti 
without  producing  any  effect  at  all. 

4,  The  danger  of  resting  satisfied  with   superiority  ove 
system  so  defective  as  that  of  our  former  opponents,  has  1 
made  sufficiently  evident.     We  became  too  confident  by  1 
feebly  opposed;   then  slack  in  warlike  exercise,  by  not 
opposed  at  all ;  and  lastly,  in  many  cases,  inexpert  fo 
even  of  drill  practice;    and  herein  consisted  the  great 
vantage  under  which,  without  suspecting  it,  we  entered,  ji 
with  too  great  confidence,  into  a  war  with  a  marine  muc' 
expert  than  that  of  any  of  our  European  enemies. 

5.  Other  considerations  besides  comparative  views 
r.force,  and  warlilte  skill,  are  necessary  to  a  correct  e 

laval   actions.     If  a  vessel  meet  an  enemy  of  eve 
niperior  force,  it  is  due  to  the  honour  of  her  flag  ■ 
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eflTect  of  a  few  rounds ;  but,  unless  in  this  gallant  attempt  she 
leave  marks  of  her  skill  upon  the  larger  body,  whilst  she,  the 
smaller,  is  hit  at  every  discharge,  she  does  but  salute  her 
enemy's  triumph  and  discredit  her  own  gunnery.*  It  is  not 
disgraceful  that  a  vessel  should  be  compelled  to  yield  to  another 
of  superior  force ;  but  it  is  so,  that  the  enemy  should  not  be 
made  to  smart  for  his  conquest:  yet  the  defenders  of  the 
devotied  vessel  could  not  in  justice  be  blamed,  so  long  as  naval 
gunnery  was  not  a  matter  of  professional  cultivation  and  abso- 
lute obligation.^  We  do  well  to  augment  our  naval  strength 
by  the  construction  of  large  and  small  ships,  and  by  attention 
to  all  the  details  of  personal  and  material ;  but  it  is  even  more 
important  to  make  it  an  object  of  timely  consideration  how  our 
ships  are  to  be  provided,  at.  the  beginning  of  a  war,  with  an 
adequate  proportion  of  officers,  gunners,  and  seamen  trained  to 
warlike  practice. 

6.  The  material  of  our  navy  is  in  the  finest  possible  con- 
dition. Our  ships  are  greatly  improved  in  every  feature  of 
strength  and  quality,  and  our  ordnance  is  the  best  in  the  world. 
We  possess  excellent  seamen,  trained  by  the  operations  of  our 
commercial  navy.  Our  officers,  many  of  them  educated  at  the 
public  expense,  are  good  navigators,  excellent  astronomers,  and 
are  full  of  energy,  activity,  and  courage ;  but  all  these  quali- 
fications do  not  satisfy  the  requirements  of  a  good  ship  of  war : 
to  them  should  be  added  a  competent  knowledge  of  the  science 
and  practice  of  gunnery. 

7.  Till  lately  this  important  element  was  almost  wholly 
wanting.  After  years  of  war  had  aflbrded  us  ample  opportu- 
nities of  practice,  and  yielded  us  many  splendid  victories,  our 
gallant  officers  were  often  sent  forth,  with  well-earned  repu- 
tations, to  maintain  the  sacred  honour  of  the  British  flag,  with 


•  In  the  action  between  the  "President"  and  the  "Little  Belt,"  in  1811, 
the  latter  was  heavily  damaged,  and  had  eleven  men  killed  and  twenty-one 
wounded ;  while,  on  board  the  "  President,"  a  boy  only  was  killed,  not  a  shot 
struck  her  hull,  and  only  two  hit  her  masts. — James*  *  Naval  History,'  vol.  vi. 
p.  10. 

**  On  one  occasion  the  gunners  of  a  vessel  mistook  the  elevated  sight  of 
their  arms  (carronades)  for  the  point-blank  line;  and,  when  close  to  the 
enemy,  fired  at  an  elevation  of  3i  degrees.  ITie  author  has  witnessed,  and  he 
could  name  distinguished  authorities  to  prove  the  existence,  formerly,  of  much 
more  serious  errors  in  practice. 
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crews  on  whom  no  reliance  could  be  placed,  excepting  for 
couraijcc  and  Holf-dovotion ;  and  under  such  circumstances  it  is 
not  suri)ri.sinj^  tliat  wo  were,  in  some  instances,  soyerely  disap- 
])r>iiited.  The  author  tnists  ho  may  bo  allowed  some  credit  for 
liaving  suggested  the  remedy  to  the  then  existing  defects  in  our 
naval  system,  which  has  since  been  -so  successfully  adopted; 
and  he  takes  occasion  to  assure  the  officers  of  the  navy  who 
may  peruse  this  work,  that  any  remarks  on  public  eyents  which 
he  may  tliink  it  necessary  to  make  in  the  course  of  this  treatifle, 
are  not  quoted  to  criticise,  but,  on  the  contrary,  to  justify,  or 
account  for,  operations  wliich  were  always  most  gallantly  under- 
taken, and  wliich  could  not  perhaps  have  been  better  executed, 
with  the  means  at  their  command. 

8.  It  remains  only  that  we  take  special  care  to  preserve  the 
lii*^h  iK)8ition  which  we  have  struggled  through  years  of  diflB- 
ciilly  to  attain ;  that  we  not  only  secure  it  from  decay,  but  also 
use  the  utmost  diligence  to  improve  it,  by  availing  ourselves  of 
all  the  resoiu'ces  of  science  as  they  arise,  and  acquiring  those 
lacilities  in  maimal  operations  which  continual  practice  alone 
can  bestow. 

U,  It  will  not,  perhaps,  be  considered  improper  here  to  make 
a  few  observations  on  the  opinion  that  nothing  wliich  is  not 
coarsely  simple  can  be  used  in  naval  gunnery;    and,  conse- 
quently, that  no  delicate  instrumental  operations  ought  to  be 
attempted.     Nothing  can  be  more  unfounded  than  such  a'' 
opinion ;  instruments  wliich  may  be  considered  complicated  a 
unmanageable  by  persons  quartered  at  a  gun  for  the  first  ii 
are  used  with  the   utmost  facility  by  well-formed  artillei 
Tlie  difficulty  wliich  the  author's  father  experienced,  even  1 
officers,    in  procuring   the   adoption   of  gun-locks,    and  r 
otlier  improvements  wliich  he  had  made  in  naval  ordnanc 
proofs  how  far  the  want  of  some  general  system  for  the 
vatiou  of  tlie  science  and  art  of  gunnery  causes  impedimei 
the  introduction  of  measures  which  tend  to  the  advantage 
scTvice,   and  wliich,   instead   of  being   undervalued,    wc 
ea^(^rly  received,  were  naval  officers  and  seamen  taugh' 
estimate  them. 

10.  In  the  former  editions  of  this  work,  the  author 
out  the  ini|)ortant  advantages  which  would  result  from 


Pabt  I.  ORGANI^TION  OF  NAVAL  GUNNERS.  5 

ening  by  theory  and  training  by  practice,  during  peace,  a  large 
proportion  «f  those  who  are  to  serve  our  naval  ordnance  in 
war.  He  showed  that,  whatever  plan  might  be  adopted  for  the 
improvement  of  Naval  Gunnery,  it  should  be  ccdculated  to 
instruct  officers,  master-gunners,^  gunners'  mates,  and  their 
crews ;  and  that  no  measure  which  provides  only  for  the  drill 
of  the  men,  could  effectually  improve  the  service  practice :  the 
mere  dexterity  of  a  few  privates  will  do  little,  unless  directed 
by  cultivated  and  well-exercised  intelligence  on  the  part  of  the 
officers  commanding  in  the  ship's  batteries,  and  assisted  by  a 
good  crew  of  practical  gunners. 

11.  He  observed,  that  to  instruct  liie  xniiig  class  of  officers 
in  gunnery,  a  short  course  of  theoretical  instructioii,  showing 
all  the  established  principles  of  the  science,  should  be  intro- 
duced at  the  Naval  College ;  and  that  gunnery  should  also  be 
made  an  item  in  the  examinations  for  promotion.  To  instruct 
a  proportion  of  officers,  midshipmen,  master-gunners,  gunners' 
mates,  and  some  seamen,  in  the  practice  of  gunnery,  Depots  of 
Instruction  should  be  formed.  So  much  depends  upon  the 
nature  and  composition  of  these  establishments,  that  the  author 
must  be  permitted  to  show,  at  some  length,  the  reasons  which 
have  guided  him  in  making  the  following  suggestions ;  and  the 
objections  which  appear  to  him  to  attach,  in  great  force,  to 
some  measures  that  have  been  contemplated. 

12.  It  is  assuredly  important,  and  even  indispensable,  in 
establishing  schools  for  instruction  in  the  practice  of  Naval 
Gunnery,  that  the  posts  of  instructors  in  tliem  should,  in  con- 
sequence of  the  opportunities  afforded  to  such  persons  for  the 
acquirement  of  great  proficiency  and  for  originating  improve- 
ments, be  conferred  on  those  only  who  are  afterwards  to  prac- 
tise, in  the  profession,  on  service,  what  they  cultivate  and  teach 

during  peace. 

13.  The  fundamental  principles,  then,  that  should  form  the 
basis  of  any  measure  that  may  be  adopted  for  the  improvement 
of  Naval  Gunnery  are,  that  no  plan  which  does  not  proA-ide  for 
instructpg  officers,  master-gunners,  gunners'  mates,  and  their 


■  To  avoid  mistake,   the  gunners  of  M{)s  are   here  deBignated  vmsttr- 
gunnen. 
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crews,  as  well  as  drilling  seamen  in  the  exercise,  can  effectually 
improve  the  service  practice;  and,  in  order  to  ^nder  per^ 
mauent  and  effectual  the  benefits  that  would  result  from  the 
formation  of  Naval  Depdts  of  Instruction,  a  proportion  of 
intelligent  seamen  should  be  engaged  for  a  term  of  years,  and 
formed  into  a  permanent  body,  from  which  the  important 
situations  of  master-gunners  should  be  filled;  and  which,  in 
a  more  extended  form,  might  be  made  to  furnish  hereafter  a 
considerable  number  of  expert  seamen-gunners  to  act  as  cap- 
tains of  guns;  or,  if  not  sufficiently  numerous  to  do  this, 
capable,  at  least,  of  soon  drilling  to  the  established  system,  the 
ordinary  crews  of  those  vessels  into  which  these  trained  men 
may  be  draughted. 

14.  When  the  vessels  which  have  been  three  years  in  com- 
mission are  paid  off,  and  the  seamen  dispersed,  what  permanent 
naval  advantages  do  we  reap  from  the  instruction  that  may 
have  been  given?    The  instructed  are  thrown  at  large  upcm 
the  world — the   instructors,  though  improved  by  the   lessons 
they  have  given,  are  still  not  real-service  naval  gunners ;  and 
it  may  happen  that  the  system  and  expertness  which  they  may 
have  acquired,  will,  in  numerous  instances,  be  carried  to  the 
aid  of  foreign  nations,  at  the  very  time  we  most  require  them 
ourselves.      Ship  after  ship  may  be  commissioned,  and  the 
crews  drilled,  but,  on  the  expiration  of  their  servitude,  these 
are  dispersed.      All   we   can  hope   for   from   such  a  plan  if 
tliat,  by  this  mode  of  introducing  successions  of  trained  gunnr 
into  the  merchant  service,  we  may  hereafter,  in  war,  recc 
some  for  the  Royal  navy;   but  in  the  mean  time  the  rit 
generation  of  naval  officers,  of  whom  but  few  can  be  emplo 
afloat,  would  be   left   uninstructed,   master-gunners  and   f 
crews  unimproved,  and,  most  certainly,  no  permanent  a( 
tages  gained. 

15.  Now,  to  remedy  these  serious  objections,  we  should 
engage  a  certain  number  of  seamen,  expressly  for  the  S' 
of  tlie  gunner's  crew,  for  periods  of  five  or  seven  years ; 
able  at  their  expii*ation,  attaching  a  small  increase,  o/ 
every  such  consecutive  re-engagement.  The  advantag 
out  to  volunteers  should  be,  that  master-gunners,  ^ 
mates,  and  a  certain   number  of  seamen-gunners,   wi) 
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tnally,  be  incorporated;  and  that  a  regular  advancement  in 
that  department  will  hereafter  take  place  according  to  merit ; 
so  that  seamen-gunners  may,  if  they  can  read  and  write,  con- 
sider themselves  in  the  certain  road  to  the  attainment,  ac- 
cording to  their  merit,  of  the  situations  of  gunners'  mates, 
and  master-gunners  of  ships.  Seamen-gunners  should  receive 
superior  pay,  and  share  prize-money,  as  gunners'  mates  do  now, 
or  have  some  other  rank  superior  to  that  of  able  seamen. 

16.  The  practicability  of  forming  such  an  institution  resolves 
itself  into  this — -whether,  upon  these  advantages  being  made 
known,  a  sufficient  number  of  volunteers  can  be  procured  to 
commence  such,  an  establishment.*  The  experiment  might  be 
easily  tried ;  but  the  proposal  should  be  accompanied  with  an 
explanation  that  the  system  provides,  eventually,  a  term  of 
relief,  or  residence  on  shore,  for  men  so  incorporated.  If  the 
experiment  answer  the  confident  and  authorized  expectation 
that  may  be  entertained  of  its  success,  a  selection  of  naval 
officers,  the  best  practitioners  of  the  late  war,  should  be  named 
to  conduct  the  Depots  of  Instruction ;  and  the  author  has 
every  reason  to  believe  that  some  very  distinguished  officers 
would  come  forward  to  commence  such  a  system,^    In  this  way 


'  It  was  suggested  to  the  author  by  a  gallant  Admiral,  that  boys  who  may 
be  educated  at  the  Asylum,  or  by  the  Marine  Society,  might,  after  practice 
shall  have  made  them  able  seamen,  become  very  fit  persons  for  service  in  this 
department. 

^  The  following  extracts  are  made  from  some  of  the  very  numerous  letters 
which  the  author  received,  containing  expressions  of  entire  conviction  of  the 
necessity  of  adopting  his  plan :  the  letters  are  from  naval  officers  of  the  first 
distinction,  whose  names  the  author  is  proud  to  quote.  Those  officers  honoured 
him  by  advocating  and  urging  the  plan  with  all  the  weight  of  their  influence, 
and  were  materially  instrumental  in  its  introduction  and  extension. 

(Extract.) — Sib  P.  B.  V.  Broke  to  Sir  Howard  Douglas. 

"  Broke  Hall,  July  5,  1818. 
"  Dear  Sir, — As  a  brother  officer,  though  charged  with  the  same  duties  upon 
a  different  element,  I  trust  you  will  excuse  this  my  frank  address  [the  auUior 
had  not  then  made  personal  acquaintance  with  this  eminent  officer]. 

**  Your  obliging  letter  and  treatise  arrived  this  morning,  and  I  am  much 
flattered  by  your  reference  to  me. 

"  I  am  a  most  anxious  well-wisher  of  your  plan.  We  are  all,  indeed,  deeply 
indebted  to  an  officer  who  takes  such  pains  and  bestows  such  ability  upon  an 
object  so  requisite  to  the  support  of  our  national  honour. 

(Signed)  "  P.  B.  V.  Broke." 

(Extract.) 
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a  number  of  trained  men  would  always  be  retained  in  the 
service  —  successions  of  commanders,  and  many  officers  who 


(Extract.)— Sib  P.  B.  V.  Broke  to  Sn  Howabd  Douolab. 

'•  Broke  HiOl,  September  SS,  1818. 

*^  My  dbab  Sib  Howabd,^ A  strong  proof  of  the  exigency  of  enforcing  some 
improvement  in  onr  naval  gunnery  is  the  indifference  with  which  the  subject 
is  rej^arded,  after  the  useful  lessons  which  the  late  war  afforded  us ;  but  I  hope 
your  exertions  will  effect  much.  If  you  can  get  one  small  dep6t  established, 
it  will  soon  create  an  exoelleiK)c  that  will  excite  emulation. 

"  I  am,  my  dear  Sir  Howard, 

(Signed)  "  P.  B.  V.  Bbokb." 


(Extract.) — Sib  P.  B.  Y.  Bboke  to  Sib  Howabd  Douolab. 

•*  Broke  HiOl,  Januarj  S,  1819. 

'*  Mt  deab  Sib  Howabd, — I  thank  you  for  your  communication,  but  do  most 
sincerely  regret  the  contents  of  it ;  and  it  is  mortifying  to  see  that  all  our 
ho\)Qa  in  your  spirited  and  assiduous  endeavours  are  for  the  present  suspended. 
Wc  must  hope  that  hereafter  circumstances  may  be  more  propitious  to  the 
adoption  of  your  plans. 

"  But  I  hope  that,  however  great  a  sufferer  from  the  non-adoption  of  your 
plana,  I  shall  not  suffer  by  their  not  being  published,  and  request  you  will 
have  the  kindness  to  order  some  amanuensis  to  copy  your  work  for  me,  reward 
him  liberally,  and  favour  me  with  an  account  of  the  expense.  It  is  a  curious 
pica  that  the  present  state  of  the  country  does  not  require  the  improvement 
proposed :  it  will  be  too  late  to  teach  our  hands  to  war  when  the  enemy  is 
pillaging  our  trade,  and  Lloyd's  in  an  uproar  to  have  ships  rigged  and  sent 
instantly  to  sea. 

(Signed)  «  P.  B.  V.  Bboke." 


(Extract.) — Sib  S.  J.  Pechbll  to  Sib  Howabd  Douglas. 

**  Stratford  Place,  1818 

"  I  gave  your  MS.  to  Sir  Philip  Broke  to  read,  who  might  do  more  g 
than  any  other  man,  did  he  reside  in  London,  with  the  views  which  he 
expressed. 

"  Sir  Philip  Broke  has  so  completely  reviewed  your  work,  and  be© 
decidedly  of  your  opinion  in  every  essential  part  of  it,  that  there  ren 
nothing  forme  to  add  but  my  most  earnest  wish  that  something  shou 
done  to  rescue  that  part  of  our  duty  from  the  state  in  which  it  now  is 
notwithstanding  you  will  yet  meet  with  much  opposition  in  attempt 
carry  your  plans  into  effect,  I  sincerely  hope  that  you  will  not  lose  si; 
the  object  to  which  you  have  so  ably  drawn  our  attention ;  and  I  am  ini 
y(?t  to  hope  that  perseverance  will  overcome  the  prejudice  you  have  1 
encounter. 

(Signed)  "  S.  J.  Pbch 


(Extract.) — Sir  S.  J.  Pechell  to  Sir  Howard  DouaiiAs. 

*•  Albany,  June  . 

*'  Tlie  old  Flag  Ofl|icer  has  done  what  even  you  could  not  eflect,  tl 
to  the  extent  that  either  of  us  could  wish ;  but  within  these  fev 
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cannot  be  employed  afloat  in  a  limited  peace  establishment, 
would,  at  the  trifling  expense  of  fiill  pay,  be  improved  in  this 
important  branch  of  their  military  duties ;  master-gunners  and 
gunners'  mates  would  be  trained;  and  a  permanent  stock  of 
seamen-gunners  brought  up,  to  fill  hereafter  these  important 
offices;  and  should  it  be  extended  ultimately  in  the  manner 
here  proposed,  it  would  famish,  besides,  a  considerable  number 
of  very  expert  captains  of  guns. 

17.  In  the  earlier  editions  of  this  work  (see  the  pages  from 


order  Las  been  given  to  cstablisli  a  gunnery  school  on  board  thfe  *  Excellent ' 
at  Portsmouth, 

(Signed)  "  S.  J.  Pechell." 

[The  expression  "  the  old  Flag  OflBcer "  in  the  above  extract  alludes  to  a 
celebrated  pamphlet  which  had  been  recently  published,  urging  the  immediate 
adoption  of  the  author's  plan.  That  pamphlet  was  attributed  at  the  time  to 
Admiral,  the  late  Sir  Charles,  Penrose ;  but  it  is  now  known  to  have  been 
written  by  an  able  and  gallant  officer  who,  fortunately  for  the  service,  and 
happily  for  his  friends,  is  living — Rear- Admiral  Bowles,  C.B.  The  author's 
plan  was  also  strongly  urged  in  the  leading  articles  of  the  *  Times '  newspaper 
of  the  17th,  20th,  and  24th  of  May  in  the  same  j^ear,  1830.] 


(Extract.)— Sib  S.  J.  Pechell  to  Sib  Howabd  DotiGLAB. 

**  Admiralty,  NoTember  3,  1831. 
"  We  are  now  likely  to  do  something  more.     Sir  James  Graham  has  approved 
of  the  plan,  and  has  appointed  the  *  Excellent '  for  this  service ;  and  I  am 
sure  you  will  not  refuse  me  your  assistance  in  drawing  up  a  prospectus  for 
our  future  sea-gunners. 

"  I  cannot  help  congratulating  you  on  seeing  your  labours  brought  to  a 
satisfactory  result,  and  likely  to  confer  so  much  benefit  on  the  country. 

(Signed)  "  S.  J.  Pechell." 


(Extract.)— Sib  S.  J.  Pechell  to  Sib  Howabd  Douglas. 

"  Admiralty,  February  22,  1832. 

"  I  enclose  you  my  compilation  [a  prospectus]  from  your  book  for  the  esta- 
blishment on  board  the  *  Excellent,*  and  request  you  will  be  kind  enough  to 
revise,  add  to  it,  or  correct  it,  as  you  may  judge  fit.  The  plan  is  yours,  and 
1  may  indeed  say,  the  whole  of  it  is  yours,  as  anybody  may  see  in  a  moment 
by  turning  over  the  leaves  of  your  book.     [See  Api)endix  A.] 

(Signed)  "  S.  J.  Pechell." 


(Extract.)— SiB  S.  J.  Pechell  to  Sib  Howabd  Douglas. 

•*  Admiralty,  February  10,  1832. 

**  After  writing  to  you  I  almost  felt  ashamed  of  having  troubled  you  upon  the 
subject,  when  I  found  everything  I  wanted  ready  cut  and  dry  in  your  own 
work.  I  had,  therefore,  nothing  to  do,  taking,  as  you  did,  a  twenty-eight-gun 
ship  establishment  to  begin  with. 

(Signed)  "  S.  J.  Pechell." 
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17  to  24  and  page  28  in  those  editions)  there  are  given  in  de- 
tail estimates  of  the  composition  and  strength  of  the  proposed 
establishment,  and  also  of  the  expense  which  would  attend  its 
formation,  together  with  indications  of  the  subjects  which 
should  constitute  a  course  of  practical  education  for  young 
officers,  master-gunners,  gunners'  mates,  and  seamen-gunners: 
these  subjects  comprehend  the  details  of  practical  gunnery  with 
the  different  natures  of  naval  ordnance,  both  on  shore  and 
afloat,  and  the  laboratory  operations  required  for  the  service ; 
but  the  proposed  measures  having  been  carried  into  effect,  and 
the  system  of  instruction  being  now  fully  organized,  it  is  un- 
necessary to  repeat  here  what  was  then  pointed  out.  The  pro- 
spectus originally  drawn  up  by  Sir  S.  J.  Pechell,  in  conformity 
with  the  author's  suggestions,  and  transmitted  to  him  for  re- 
vision, in  that  distinguished  officer's  letter  of  the  22nd  February, 
1832,  will  be  given  at  length  in  the  Appendix.  (App.  A.)  The 
following  remarks,  which  contributed  in  a  great  degree  to  the 
adoption  of  measures  for  the  systematic  cultivation  of  naval 
gunnery,  are,  on  that  account,  re-stated  in  this  place. 

18.  As  soon  as  one  set  of  seamen  are  returned  complete  in 
exercise  and  practice,  they  should  be  transferred  to  commissioned 
sliips,  and  should  there  drill  the  seamen  engaged  in  the  ordinary 
way,  according  to  the  general  syjBtem ;  so  that  in  this  respect 
these  would  be  well  trained ;  and  all  the  permanent  advantages 
of  the  proposed  system,  would  be  so  far  gained. 

19.  Fresh  seamen  should  be  engaged  as  gunners,  and  drawn 
in  to  the  Depot  of  Instruction  in  proportion  as  trained  men  ar 
turned  over  to  the  guard-ships.*     These  again  should,  by  d« 
grees,  transfer  to  the  cruisers  a  certain  proportion  of  the  traine 
gunners  that  will  have  been  received  from  the  depots ;  whir 
however,   should,   together  with    the    guard-ships    and   he 
cruisers,  always  retain  a  sufficient  number  of  trained  men 
newly  commissioned  ships,  in  the  event  of  a  sudden  armamf 
In  tills  manner  vast  facilities  and  advantages  would  be  exj 


*  Tlic  author's  recommendation  to  increase  the  numl)er  of  scamcn-gu 
lias  met  the  api)robation   of  our  neighbours.      M.  G rival,  one  of  the 
<listin'j;uished  commanders  in  tlie  French  navy,  refers  in  a  recent  publ' 
to  a  former  edition  (1851)  of  this  work   in  sui)port  of  his  suggestion 
augmentation  of  that  class  of  seamen  on  board  the  ships  of  war  of  his  nj 
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enced  in  fitting  Bhips,  and  in  rendering  them  more  immediately 
efficient.  The  plan  now  suggested  would  provide  people  not  only 
qualified  to  assist  in  fitting  the  ship,  but  also  to  assist  in  working 
her ; — ^not  only  qualified  to  drill  to  gunnery  the  fresh  hands,  but 
to  examine  and  arrange  all  the  ordnance  equipment,  and  very 
soon  to  make  that  ship,  if  properly  commanded,  ek  good  man-of' 
war. 

20.  In  all  departments  of  warlike  organization,  depots  are 
allowed  to  be  the  very  hearts  of  the  system,  by  which  improve- 
ment is  cultivated,  circulated,  and  established.  In  all  services 
this  is  recognised  and  observed ;  no  body  can  be  permanently 
good,  no  system  uniform,  without  them.  It  is  to  this  general 
measure  that  the  service-efficiency  of  every  branch  of  our  army 
is  mainly  to  be  attributed.  It  is  this  which  supports  the  uni- 
form systematic  excellence  of  the  whole  machine,  however 
remote  some  of  its  parts  may  be.  It  is  a  similar  system,  con- 
nected with  the  naval  profession,  which  has  made  the  marines 
what  they  are,  and  which  has  so  much  improved — perfected, 
indeed  —  the  Marine  Artillery.  Detachments  of  the  Marine 
Artillery  are  embarked  on  board  the  ships  of  a  squadron  sent 
out  on  a  cruise  of  exercise  and  practice ;  and  it  was  no  un- 
common thing  for  naval  officers  fitting  out  ships  to  apply  for 
detachments  of  this  corps  to  drill  their  seamen  to  the  gun  exer- 
cise. If  such  detachments  had  been  drawn  from  a  permanent 
body  composed  of  seamen  gunners,  trained  by  naval  officers, 
instead  of  marines,  there  would  have  been  no  comparison  be- 
tween the  influence  of  the  two  systems  on  the  practice  of  Naval 
Gunnery.  For  the  same  reason  that  the  Marines  have  their 
divisions,  the  Koyal  Artillery  its  schools  of  practice,  and  every 
regiment  its  depot,  naval  gunnery  should  have  its  permanent 
seat  of  instruction,  and  store  of  trained  men. 

21.  The  Marine  Artillery  has  been  raised  to  a  condition  of 
great  excellence  by  its  zeal,  talent,  and  gallantry,  and  has  cer- 
tainly performed  all  the  service  that  was  contemplated  at  its 
formation.  The  author  has  witnessed  its  efficiency  on  service, 
and  bears  willing  testimony  to  aU  the  talent  it  has  put  forth, 
and  all  the  distinction  it  deserves.  It  is  weU  constituted, 
thoroughly  instructed,  and  ably  commanded.  It  is  either  a 
corps  of  good  infantry,  of  scientific  bombardiers,  or  expert  field- 
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aililleiymen ;  and  it  should  be  allowed  to  retain  all  these  cha- 
racters, by  being  kept  for  mortar  service  afloat^  or  for  land- 
artillery  service  in  desultory  coast  operations. 

22.  The  advantages  that  would  result  from  such  an  estab- 
lishment are  beyond  calculation.  These  depots  would  become 
the  resorts  of  zeal  and  talents — the  nurseries  of  improvements ; 
and  numbers  of  young  naval  officers  of  all  ranks  would  resort 
thither  at  their  own  expense.  Such  is  precisely  the  opportunity 
which  the  naval  service  wants  in  this  branch  of  the  profession* 
Improvement  may  thus  be  cultivated  without  pursuing  it  through 
other  departments :  —Naval  oflScers  would  find  a  field  opened  to 
them,  which  is  now  occupied  by  others.  Naval  Gunnery  would 
become,  as  it  most  certainly  should  be,  an  organized  department 
of  the  naval  service,  under  the  direction  and  control  of  the 
Admiralty ;  and  the  author  feels  most  certain  that  this  simple 
measure  would  lay  tlie  foundation  of  a  system  which  would  soon 
be  carried  to  perfection  by  the  professional  genius  and  zeal  which 
it  would  call  into  action. 

23.  The  merits  of  this  plan  do  not  depend  upon  the  limited 
extent  to  which  we  may  be  obliged  to  confine  it  at  present^  -on 
accoimt  of  the  difficulty  of  making  financial  provision  for  a  more 
general  operation. — If  it  be  plainly  calculated  to  do  some  good, 
it  should  not  be  rejected  because,  for  contingent  reasons  which 
attach  not  to  its  merits  as  a  system,  it  cannot,'  at  present^  yield 
its  fall  benefits.     The  adoption  of  a  good  sound  system  is  the 
question  at  present  under  consideration,  not  its  immediate  ex- 
tension.   If  we  found  our  measure  upon  a  good  professional 
principle,  the  superstructure  may  be  raised  gradually,  in  pro- 
portion as  we  may  require  it.    The  question  for  consideration  ig, 
whether  the  plan  which  is  suggested  does  not  provide  a  good 
professional  system  for  instructing  officers,  midshipmen,  master- 
gimners,  and  gimners'  mates ; — for  training  a  proportion  of  ser 
men  as  captains  of  guns,  as  well  as  for  drilling  seamen  engag 
in  the  ordinary  way :  w^hether  such  a  measure  would  not  en 
nently  tend  to  encourage  the  professional  cultivation  of  artille: 
knowledge  in  a  permanent  institution,  which  may  liereafter  1 
parried  to  any  extent  which  circumstances  may  demand.     If 
promise  such  advantages,  it  will   be  cheaply  purchased  by  ? 
ex])ense  that  may  attend  it. 
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24.  Were  this  an  experimental  measure  that  could  not  be 
commenced  without  first  committing  the  country  to  vast  pre- 
paratory expense,  we  might  hesitate  about  making  the  trial;  but 
the  system  may  be  instituted  at  a  cost  that  would  not  amount  to 
the-  expense  of  adding  a  twenty-gun  ship  to  our  establishment. 
The  items  of  the  expense  of  one  depot  were  severally  estimated 
by  the  author  and  given  in  the  former  editions,  but,  as  the 
question  relating  to  such  expenses,  though  important  at  the 
time,  has  now  been  decided,  it  will  be  unnecessary  to  re-state 
either  the  items  or  the  amount. 

25.  The  author  hopes  he  has  succeeded  in  convincing  the 
reader  that  the  improvement  of  naval  gunnery  will  mainly 
depend  upon  the  character  of  the  depots  of  instruction. 
Whether  seamen  be  raised  in  the  ordinary  way  for  three  years, 
and  drilled  as  at  present,  or  be  engaged  for  a  longer  term,  and 
trained  as  naval  gunners  in  the  manner  here  proposed,  there 
can  be  no  reason  why  they  should  be  taught  by  any  but  the 
members  of  the  profession  to  which  the  practice  really  belongs. 

26.  Such  were  the  observations  made  by  the  author,  in  the 
first  edition  of  his  work,  on  contemplating  the  state  of  gunnery 
in  the  British  navy  at  that  time.  Political  circumstances  and 
financial  considerations  prevented  the  British  Government  in 
1817  from  immediately  adopting  the  proposition  which^  in  that 
year,  was  presented  by  the  author  to  the  Admiralty ;  but,  in 
1830,  the  former  having  materially  changed,  and  the  latter  no 
longer  existing,  a  commencement  was  made  by  the  Naval 
Administration 'to  put  the  proposed  plan  into  execution. 

27.  In  that  year  Lord  Melville,  to  whom  the  former  edition 
of  this  work  was  dedicated,  by  an  Admiralty  "  Minute,"  dated 
June  19,  directed  that  a  gunnery-school  should  be  formed  on 
board  the  "Excellent,"  on  a  limited  establishment.  It  was 
placed  as  a  temporary  measure  under  the  superintendence  of  the 
late  Captain  George  Smith,  Commander  of  H.M.S.  "  Victory," 
an  ingenious  and  zealous  oflScer,  well  known  as  the  inventor  of 
the  moveable  lever  target.*    In  1832  the  system  for  gunnery 


*  This  contrivance  was  intended  for  the  instruction  of  seamen-gonners  in 
the  practice  of  naval  gunnery  at  sea,  without  the  consumption  of  ammunitioQ, 
when,' from  the  floating  motions,  the  ships  fired  from  and  at,  are  more  or  less 
unsteady — an  ingenious  expedient,  devise<l,  as  Captain  Smith  communicated 
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going  ships  in  proportion  as  they  become  qualified.  There  are, 
besides,  19  lieutenants,  includipg  the  one  commanding  the 
**  Stork  "  gun-boat,  of  whom  6  are  supernumeraries,  allowed  in 
lieu  of  mates,  of  which  latter  class  none  can  at  this  time  be 
obtained.  Of  those  19  lieutenants,  15  are  studying  in  order  to 
qualify  themselves  for  becoming  gunnery  oflBcers.  The  "  Ex- 
cellent "  has  also  now  25  marine  cadets :  these  live  on  board  the 
ship ;  but  those  who  may  pass  their  examinations,  and  may  be 
recommended  for  the  marine  artillery,  will  go  to  the  Naval 
College  and  study  for  that  corps. 

The  complement  of  the  "  Cambridge "  consists  now  of  621 
persons,  of  whom  480  are  being  qualified  to  become  seamen-* 
gunners.    It  is  anticipated  that  the  gunnery  establishment  will 
soon  be  able  to  supply  to  newly  commissioned  ships,  one  if  not 
both  captains  to  every  broadside  gun. 

29.  In  1839  the  building  which  had  been  vacated,  in  conse- 
quence of  the  abolition  of  the  Naval  College  for  the  education  of 
young  gentlemen  destined  for  the  naval  service,  was  appro- 
priated, in  combination  with  the  Gunnery-school  on  board  the 
"Excellent,"  to  the  important  purpose,  as  suggested  by  the 
author  in  1817  (see  Art.  16),  of  accommodating  and  instructing 
naval  officers  of  all  ranks  on  half-pay,  who  might  be  desirous  of 
availing  themselves  of  the  great  advantages  which  those  institu- 
tions severally  and  conjointly  tender  to  officers,  when  not  other- 
wise employed,  to  improve  themselves  in  the  various  branches 
of  nautical  science  and  practice  which  enter  so  largely  into  the 
qualifications  indispensable  to  an  accomplished,  skilful,  and 
experienced  naval  officer. 

30.  The  vast  importance  of  these  Establishments  in  promoting 
the  efficiency  of  the  naval  service  will  be  immediately  appre- 
ciated from  the  following  outline  of  their  constitution,  and  of  the 
professional  objects  for  which  instruction  is  there  given.  The 
Naval  College  is  an  establishment  for  twenty-seven  officers  of 
all  ranks,  on  half-pay,  from  Captains  to  Lieutenants ;  foi:  Marine 
officers  previously  to  their  entering  the  Marine  Artillery,  and  for 
twenty-five  Mates.  The  two  last  classes  of  officers  go  through  a 
course  of  gunnery  on  board  the  "Excellent,"  previously  to 
entering  the  College ;  and  the  Mates  compete  for  a  Lieutenant's 
commission,  which  is  given  at  Christmas  and  at  Midsummer  to 
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him  \\lio  lias  attained  the  greatest  proficiency.  All  the  above 
rltissfs  of  oflicers  study,  under  a  very  able  professor,  tlie  higher 
branrlu^s  of  mathematics,  including  Astronomy.  Their  course 
also  iiioludes  the  theory  and  practice  of  Steam  Engineering, 
will  J  ^^rcelianical  Drawing,  Fortification,  and  Gunnery. 

'J'ho  half-pay  oflScers  remain  at  the  College  from  twelve  to 
eiizlitocii  months,  and  the  others,  twelve  montlis. 

it  is  now  regulated  that  all  Acting  Lieutenants,  Acting  Mates, 
ant  I  ^lidsliipmen,  while  undergoing  exauihiation  must  live  in  the 
('•lloge,  under  strict  rules  with  respect  to  leaving  the  building, 
and  returning  to  it  at  night.  The  students  are  borne  on  the 
l)^>'»ks  of  the  "Excellent**  for  commissions,  and  ore  consequently 
up'IcT  martial  law,  though  many  of  them  belong  to  no  sliips. 
The  warrant  officers  trained  on  board  the  "Cambridge,**  when 
alx'iit  to  pass  their  examiiuitions,  are  also  obliged  to  live  in  the 
Cnlli  ;:o,  a  measure  which  is  found  to  be  attended  with  the  most 
hrip  licial  results  in  every  respect. 

.M.  The  establishment  includes  twenty-five  Cadets  for  the 
]Mai  iiic  forces,  who  may  remtiin  two  years  unless  they  attain  the 
rtMjuired  proficiency,  and  can  undergo  the  examination,  in  a 
slu»rt<.T  time.  Their  course  of  study  comprehends  Fortification, 
(iuniiuiy.  History,  and  the  French  language. 

I 'iold  Works  are  thrown  up  on  a  small  island  in  the  liarbour, 
for  the  purpose  of  training  the  officers  and  men,  and  also  for  the 
s«ivice  of  field  guns.  On  the  same  island  there  is  a  small 
laboratory,  where  all  the  students  go  through  a  com'se  of 
instruction  in  making  rockets,  tubes,  cartridg(\s,  fuzes,  &c 
I'ield-practice  with  shot  and  shells  is  carried  on  by  them  at 
South  Sea. 

It  is  most  gi-atifying  to  find  that  the  present  l>oard  of  Ad 
niiralty  has  nianilestod,  as  did  the  late  Board,  an  anxious  de 
to  sui)poi-t  the  authorities  of  the  gnnnery  establishment  in  eai 
ing  out  the  measures  recommended  by  those  authorities  for 
iniprov<*nient  of  their  peculiar  and  very  important  service. 

t]2.  Besides  the  regular  duties  there  are  prosecuted,  untl 
direction  of  the  Commander  of  this  Institution,  experiuK 
the  most  important  nature,  whenever  the  prospect  of  ben 
the  service  requires  that  such  should  be  made.  Among 
may   be   included   experiments   for   the   determination 
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relative  values  of  diflferent  natures  of  ordnance  for  the  projection 
both  of  solid  and  hollow  shot ;  the  extent  of  the  ranges  of 
projectiles;  their  poMors  of  penetrating  into  materials;  their 
crushing  and  splintering  effects  when  fired  against  wood  and 
iron;  and  the  effects  of  ricochets  from  land  and  water.  It 
ought  to  be  added,  that  other  nations,  particularly  France,  have, 
since  1815,  carried  on  elaborate  and  highly  scientific  courses  of 
experiments,  with  the  view  of  improving  their  naval-gunnery 
practice.  The  details  of  these  experiments,  with  the  investi- 
gations founded  on  them,  have  been  published;  and,  to  the 
experiments  conducted  on  board  the  "  Excellent,"  in  conjunction 
with  those  at  Woolwich  and  at  Shoebury  Ness,  we  are  indebted 
for  the  verification  (in  some  instances  the  disproval)  of  the 
advantages  ascribed  to  the  discoveries  of  foreigners.  In  these 
operations  a  vast  amount  of  science  and  practical  skill  has  been 
brought  to  bear  upon  every  object  of  national  utility  within  tlie 
limits  of  their  scope. 

33.  Since  the  institution  of  the  school  of  naval  gimnery  on 
board  the  "  Excellent,"  the  total  number  of  able  seamen  entered 
as  gunners  amounted  in  1851  to  about  2500.  Of  these  upwards 
of  2100  passed  examination,  and  obtained  certificates  of  qualifi- 
cation to  serve  as  captains  of  guns,^  gunners'  mates,  and  gunners 
of  ships.  Of  that  number  273  were,  at  different  times,  appointed 
as  gunners,  and  500  qja  gunners'  mates ;  while  no  less  than  1140 
well-trained  seamen-gunners  were  then  serving  in  the  British 
navy  as  first  and  second  captains  of  guns,  or  in  other  important 
stations. 

34.  Up  to  that  time,  70  or  80  lieutenants  and  15.0  mates 
and  midshipmen,  of  those  who  had  at"  different  times  been  on 
the  establishment  of  the  "Excellent,"  passed  their  examinations, 
and  obtained  certificates  of  proficiency  in  the  theory,  practice, 
and  manual  exercise  of  naval  gunnery ;  of  whom  about  sixty 
were  then  serving  as  gunnery-lieutenants,  mates,  and  midship- 
men, on  board  of  ships  in  commission :  indeed  so  zealously  had 
officers  of  all  ranks  availed  themselves  of  the  advantages  of 
resorting  to  Portsmouth  for  improvement,  that  about  460  oflBcers 
of  different  ranks,  post-captains,  commanders,  and  lieutenants, 
passed  their  examinations,  and  obtained  certificates  of  qualifi- 
cation according  to  their  different  attainments  in  naval  gunnery. 

c 
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35.  In  July,  1858,  the  Oommittee  on  Nayal  GmuieEy,  tf 
which  Sir  Thomas  Haitland,  late  Captain  of  the  <<  Ezedlent  ** 
and  head  of  the  gannerir  estaUiahment^waB  the  Ghaumaii,  a^ 
dressed  to  the  Lords  of  the  Admiralty  a  letter  oalling  their 
attention  to  the- necessity  of  supplying  in  time  of  peace  at 
least  one  captain  certified  to  be  duly  qnalified  for  the  perfbrna- 
ance  of  his  important  duty,  for  eyery  gmi  on  board  a  ship  of 
war;  it  being  the  nnanimoos  opinion  of  the  Committee  that 
without  sneh  an  arrangement  no  amount  of  profioi6noy  in  fig^befc- 
ing  the  guns  can  be  depended  upon.*  l3ie  Committee  obserre^ir 
that  though  men  may  be  quickly  taught  to  work  guns,  yet  * 
captain  of  a  gun  cannot  be  efficient  without  careM  training 
and  a  oertain  amount  of  actual  practice.  The  Committee  added 
that  the  French  have  for  some  years  adopted  this  plan»  anilr' 
that  unless  we  do  so  we  shall  meet  them  at  a  great  diaadr  . 
yantage  in  the  event  of  a  war  suddenly  breaking  out. 

Sir  Thomas  Haitland,  also,  in  a  letter  addressed  in  ApriJ^  . 
1859,  to  Sir  John  Packington,  then  First  Lord  of  the  Admiralty, 
obserred  tiiat  the  number  of  heayy  guns  actually  on  board  sh^  , 
at  that  time,  was  about  5000,  so  that  under  tbd  existing  esfa^ . 
blishment  of  captains  of  guns  we  could  only  make  sure  of  800  .< 
of  them  being  efficiently  used  in  action.  It  is  true  that  them,  j^^ 
are  also  about  400  first-class  seamen  and  gunners'  mates; 
most  of  these  are  required  to  work  in  the  magazines 
action,  tiiat  being  a  duly  which  cannot  be  confided  to 
men. 

In  the  service  of  the  Land  Artillery  not  even  a  6-] 
gun  is  brought  into  action  but  under  the  charge  of  a 
qualified  non-commissioned  officer ;  yet,  strange  as  it  may 
in  the  nayal  seryice  we  trust  to  chance  for  obtaining  a 
capable  of  taking  charge  of  our  guns  in  action.    A  newly- 

*  Extract  from  a  Report  of  the  Committee  on  Gimnery  respecting  Captainn 
of  Guns,  July,  1868 :—  •  J 

**  The  Committee  consider  it  their  duty  at  once  to  call  their  Lordships'  sorioos 
attention  to  the  necesity  of  supplying  a  certified  qualified  captain  for  every 
gun  put  on  board  a  ship  in  time  of  peace,  as  they  are  unanimously  of  opinion 
that  without  this  arrangement  no  positive  amount  of  proficiency  [or  efiSciencyl 
in  fighting  guns  can  be  calculated  upon.  Men  may  quickly  be  trained  ♦ 
work  guns,  but  the  captains  [of  the  guns]  cannot  be  efficient  without  car^ 
training  and  a  certain  amount  of  actual  practice." 
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missioned  ship  receives  from  the  gumiery  establishment  only 
about  three  per  cent,  of  her  company.  At  the  commencement  of 
the  Bussian  war  (1854)  two-thirds  of  our  captains  of  guns  in  the 
newly-commissioned  ships  had  never  fired  a  shot ;  and,  when  the 
war  was  over,  one-half  of  them  were  still  inefiScient.  There  is,  no 
doubt,  great  truth  in  the  assertion  of  Sir  Charles  Napier  that  he 
could  not  answer  f^  his  ships  in  action  against  the  trained  crews 
of  the  Bussian  ships  of  war ;  and  it  is  fair  to  presume  that  if  the 
gallant  Admiral  had  had  one  certified  captain  for  each  gun,  his 
fleet  would  have  been  fit  to  go  into  action  after  14  days'  drill,  even 
if  none  of  the  other  men  had  been  previously  trained  to  the  guns. 

36.  It  has  been  alleged  that,  in  the  British  naval  service, 
certified  captains  of  guns  are  not  required,  since  all  seamen  are 
trained  to  work  the  guns ;  but  to  this  it  may  be  replied  that  the 
duty  of  the  captain  of  the  gun  in  pointing  and  firing  is  far  more 
intricate,  and  requires  a  much  greater  amount  of  judgment  and 
mechanical  skill,  than  that  which  is  sufficient  for  merely  running 
out  or  training  the  gun.  It  has  been  also  objected  that  the 
captains  of  guns,  when  they  get  old,  are  in  the  way  of  the 
younger  and  more  active  men:  daily  experience,  however, 
refutes  the  objection,  as  the  practised  eye  of  a  rifleman  even 
beyond  the  age  of  45  years  is  foimd  to  be  far  superior  in 
accuracy  to  that  of  a  younger  and  therefore  a  less  experienced 
soldier.  Lastly,  it  has  been  said  that  commanders  of  ships  can 
train  their  own  captains  of  guns :  and  this  would  undoubtedly 
be  true  if  they  had  the  time,  and  were  prepared  with  a  fixed 
course  of  instruction  for  their  guidance ;  but,  in  the  event  of  a 
war  breaking  out,  the  first  great  battle  would  most  probably  be 
fought  before  the  captains  of  guns  so  taught  would  be  efficient, 
and  even  before  the  commanders  of  ships  had  found  out  what 
men  were  best  qualified  for  instruction.  Our  enemies  are  quite 
prepared  to  meet  us  on  the  ocean,  but  months  would  elapse 
before  our  captains  of  guns  would  acquire  the  efficiency  which 
would  enable  them  to  cope  on  equal  terms  with  their  opponents, 
who  were  qualified  men  before  the  ships  in  which  they  serve 
were  commissioned. 

37.  In  a  letter  addressed  subsequently  (April  29, 1859)  to 
the  Admiralty,  acknowledging  that  every  effi)rt  is  being  made 
by  the  Board  of  Admiralty  to  increase  the  establishment  of  the 

c  2 
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guimory  sliipn.  Admiral  Sir  Thomas  Maitlaiid  observfs  tliat  t 
two  gumiery  eliips  do  not  afford  sufficient  means,  at  a  short 
notice,  to  supply  a  number  of  large  sliips  with  captains  of  gima, 
and  that  thoae  which  they  do  supply  are  generally  men  of 
inferior  abilities.  Sir  Thomas  adds  that,  in  order  to  obtain 
certified  captains  of  guns,  it  would  not  be  necessary  that  these 
should  be  raised  on  board  the  gunnery  ships ;  and  that  their 
Lordships  have  only  to  issue  orders  that  there  should  be  selected, 
for  captains  of  guns,  the  most  intelligent  petty  officers  and  able 
seamen  of  the  fleet,  men  not  above  30  years  of  age,  and  who 
have  entered  for  continuous  service  :  these  should  be  instntcted 
and  certified  according  to  the  "  Regulations  "  laid  down  in  tiie 
Revised  Gunnery  Instructions  Book,  section  IV.,  p.  126,  Thia 
standard  of  qualification  had  been  drawn  up  by  the  Gunnery 
Committee  as  the  minimum  consistent  with  the  requisite  effi- 
ciency ;  and  no  capbiin  of  a  gun  should  be  considered  duly 
qualified  till  ho  has  received  his  acting  certificate  in  accordance 
with  this  standard.  Sir  Thomas  expresses  his  opinion  that 
nothing  but  a  fixed  standard  like  that  which  is  here  proposed 
will  meet  the  exigencies  of  the  service,  and  he  infers  the  neceB- 
Bity  of  it  from  the  fact  that  no  two  officers  ore  of  the  same 
opinion  with  respect  to  what  constitutes  efficiency.  He  proposes 
that  the  captains  of  guns  so  formed  should,  when  they  return 
homo,  be  sent  to  the  gunnery  ships,  in  order  to  be  perfected  ia 
their  duty,  and  to  have  their  certificates  confirmed. 

The  same  officer  further  stated  that,  besides  increasing  tJig 
gunnery  establishment  in  the  home  ports,  it  would  be  advan- 
tageous to  have  one  or  two  cruising  ships  for  gunnery  exercise 
on  the  ocean.     This  important  measure  was  adopted  by  tba 
Board  of  Admiralty  but  very  imperfectly  by  appointing  a  goD* 
boat  as  a  tender  to  each  of  the  two  gunnery  ships  for  the  purposi 
intended.     But  these  are  not  cruizing  ships,  and  very  insufficien 
for  the  purpose.    In  the  French  service  two  frigates  of  instrucla<H 
(see  note,  page  24)  are  appropriated  to  this  important  duty.     Si 
Thomas  Maitland,  in  the  letter  above  quoted,  further  recommer ' 
that  some  advantages  should  be  held  out  to  officers  and  first- 
seamen  in  order  to  induce  them  to  join  the  gimnery  ship 
present  it  is  a  positive  disadvantage  to  an  officer  to  be  appo 
to  the  "  Excellent,"  and  the  inferior  seamen  who  now  offer  t 
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selves  would  be  better  away.  The  gallant  Admiral  refers  to  the 
fourth  edition  of  this  work  for  an  account  of  the  time  necessary 
for  the  formation  of  a  land-service  artQleryman,  leaving  it  to  be 
inferred  that  a  still  longer  time  would  be  required  in  order  to 
make  a  man  a  proficient  in  the  service  of  artillery  at  sea.  What* 
ever  measures  maybe  adopted  to  improve  or  extend  the  gunnery 
establishment  should  be  put  in  execution  as  soon  as  possible, 
if  we  would  place  the  service  of  the  country  on  a  par  with  that 
of  France  in  respect  of  its  efficiency  in  ocean  warfare. 

The  recommendations  of  Sir  Thomas  Maitland  met  with  the 
approbation  of  the  Admiralty  Board ;  and  in  May,  1859,  the 
Lords  Commissioners  issued  a  circular,  dated  April  of  that 
year,  directed  to  Flag-Officers,  Commanders-in-Chief,  Captains, 
and  Commanders  of  Her  Majesty's  ships,  in  which  the  number 
of  men  of  that  class  allowed  to  each  ship  in  the  British  Navy  is 
prescribed  to  be  as  follows : — 
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Their  Lordships  further  desired  that  Commanding  Officers  of 
ships  should  read,  and  make  known  to  the  several  ships'  com- 
panies, the  provisions  of  the  Circular,  so  that  young  intelligent 
petty  officers  and  able  seamen  may  be  induced  to  qualify  them- 
selves to  become  Acting  Seamen-Gunners.  Men  volunteering 
are  to  be  examined  by  a  gunnery  officer  SrCcording  to  the  In- 
structions laid  down  in  the  New  Gunnery  Book. 

Any  seaman-gunner  who  may  have  previously  declined  to 
continue  to  serve  as  such  at  the  expiration  of  his  time,  may  be 
permitted  to  re-enter  for  another  period  of  five  years  with  the 
certificate  he  last  held,  provided  he  be  not  more  than  37  years  of 
age. 

In  the  Circular  above  referred  to  (dated  April  13,  1859)  it  is 
directed  that  the  extra  pay  of  seamen-gunners  shall  be  increased 
as  follows : — 

The  pay  of  seamen-gunners  of  the  1st  class,  from  2d.  to  ^d.  per  diem. 

,.      2nd  „         Id,  to  2d. 
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It  is  fluUier  directed  that  all  men  wiw  after  tbit  date  AaU 
qualify  fhenuelTee  fin-  aeamen-gmmera,  or,  abroad,  aa  atHag'aem- 
mea-giumem,  iliall  be  allowed  to  nbkon  (from  Ifae  date  otaaA 
qualification,  and  wMe  serring  aa  aeamen-gonnen  or  anting  aem- 
men-gaoneni)  time  in  tbe  proportacm  of  dx  yean  tar  ereiy  ftva 
tliat^ey  hare  served,  towaids  a  long-BernoepenKicHi;  fraotioBal 
porta  to  be  aUdwed  for  broken  periods  in-the  same  pn^witiaii. 
The  same  advantage  to  be  aliased,  from  tliis  dat^  to  aeaaian- 
gunners  or  acting  seamen-gtanners  now  serving,  providing  in  tiift 
case  of  acting  eeamen-gimneiB,  that  they  ate  otHifinned  aa  aaa- 
men-gdnners  on  their  return  to  England. 

Something  more  than  this  is  required  to  be  dime  in  oider  to 
insure  an  adequate  supply  of  captains  of  guns  for  an  augmented 
number  of  ships  in  oommission  in  time  of  war.  No  doabt  Uie. 
crew  of  a  ship  well  commanded  and  well  officered  may,  dming  » 
period  of  tbree  years  in  commission,  be  as  well  tnhied  to  the 
exercise  c^  the  guns  as  if  on  board  the  gunnery  ships ;  and  that 
many  of  the  seamen  acting  as  capt^iins  of  guns  niiiy,  iu  tliat  time, 
bo  made  folly  proficient  in  their,  duties ;  but  wheu  Huch  ships 
are  paid  c^  these  men  will  be  dispersed,  so  tlmt  the  countjr 
will  gain  notliing  by  their  proficiency. 

Now,  what  is  wanted  is,  that  all  those  captains  of  guns  who 
may  prove  their  proficiency  as  snch  on  examination  by  a  com- 
mittee of  gunnery  officers,  should,  if  they  are  willing  to  engage 
for  a  term  of  years  to  serve  in  the  gunnery  establishment  on  an 
advance  of  wages,  be  allowed  to  receive  first  or  second  certiAli 
cates  according  to  their  qualifications ;  and  thus,  bciug  added  to 
the  Depdta  of  gunners  in  the  gunnery  ships,  they  woiild  be  db- 
posable  for  service  in  sea*going  ships  as  occasion  may  require. 
In  this  manner  all  ships  of  war  would  become  training-schocji 
as  well  as  the  gunnery  ships,  to  supply  newly-comniission^ 
ships  with  well-instructed  gunners.  For  this  purpose  it  wooIdT 
be  necessary  that  the  Admiralty  should  grant  t!io  necosaoiY 
funds  to  give  to  men  bo  trained  to  serve  as  captnins  of  guns,  the 
same  extra  pay  as  gunners  which  is  granted  to  tlmsi.-  who  obtain 
eertifieates  of  competency  in  the  "  Excellent."  Unlees  sob 
funds  be  granted,  it  is  clear  tliat  the  seamen  so  trained  wfll  b 
lost  to  the  service.  Such  loaa  was  incurred  at  the  termination  t 
the  late  Gussiau  War  in  1854,  when  huudrods  of  wcU-tiaina 
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seamen-gunners,  who  might  have  been  retained  in  the  service  for 
future  exigencies,  were  paid  off  with  the  rest  of  the  crews.  It  is 
a  fact  which  the  author  (and  he  was  the  first  to  propose  the 
augmentation  of  the  gunnery  establishment)  records  with  great 
pain  that  it  is  not  even  now  adequate  to  furnish  a  captain  to 
eaxih  gun  for  the  ships  in  commission,  whilst  the  French  have 
extended  their  gunnery  establishment  suflBciently  to  furnish 
three  trained  gunners  per  gun  for  every  ship  afloat.  The  erews 
{equipage  de  ligne)  are  always  ready  to  man  the  ships  of  war  as 
soon  as  they  are  commissioned  for  service. 

38.  The  recent  augmentations  of  the  Eoyal  Artillery  were 
made,  as  stated  in  Parliament,  because  none  of  our  foreign 
gm-risons  were  weU  provided,  and  some  very  inadequately,  with 
this  most  essential  description  of  troops ;  and  also  because  the 
gunners  disposable  at  home  were  not  only  insuflBcient  to  furnish 
more  than  at  the  rate  of  one  artilleryman  for  every  three  guns 
in  our  coast  defences,  forts,  and  arsenals,  as  they  now  exist,  but 
absolutely  incapable  of  furnishing  a  supply  of  artillerymen  for 
the  additional  armament  required  to  man  the  numerous  de- 
fensive works  which  it  would  be  necessary  to  construct  on  the 
occurrence  of  any  serious  alarm.  In  addition  to  the  above 
reasons  for  so  great  an  increase  in  the  land-service  artillery,  it 
was  stated  that  six  years  are  required  to  instruct  land-service 
artillerymen,  and  render  them  practically  efficient  The  com- 
plements of  seamen-gunners  for  our  ships  now  in  commission 
are  too  limited ;  and  a  long  time  would  elapse  before  new  levies 
of  seamen  could  be  properly  trained  to  the  guns,  in  the  event  of 
any  emergency  which  might  require  an  extension  of  our  naval 
force.  Though  we  have  an  establishment  for  instructing  sea- 
men-gunners during  peace,  in  the  details  of  their  duty,  it  is  on  a 
scale  too  contracted  to  be  effectual  in  war.  As  our  land-service 
artillery  has  been  augmented,  so  the  number  of  seamen  under 
instruction  in  naval  gunnery  should  be  increased  to  an  extent 
which  may  suffice  to  famish  at  least  5000.  One  thousand  of 
these  should  be  always  available  for  embarkation  at  the  home 
ports,  as  recommended  by  the  Eoyal  Commission  for  Manning 
the  Navy  (1859).  And  it  must  be  remarked,  and  provided  for 
accordingly,  that  the  rifled  cannon  now  introduced  into  the  ser- 
vice are  of  descriptions  which  absolutely  require  a  higher  degree 


24 


NAVAL  GUNNERY, 


PabtI. 


of  skilful  trainmg  of  the  captaiiis  and  loaders  of  the  guns  than 
heretofore.  This  may  be  done  by  retaining  the  most  expert  of 
the  men  that  have  been  instmcted,  and  keeping  them  in  acthre 
employment  in  sea-going  ships  and  gunnery  frigates.^  We  may 
thus  have  available  at  any  time  a  number  of  men  well-prao- 
Used  and  ready  for  any  emergency ;  whereas,  by  casting  them 
loose  on  the  world,  the  means  devoted  to  the  purposes  of  their 
instruction  are  expended  in  vain,  and  the  ends  for  which  the 
expense  is  incurred  are  defeated,  while  the  men  are  liable  to  be 
picked  up  and  employed  for  the  benefit  of  rival  nations. 

39.  The  late  addition  to  the  gunnery  establishment  is  a  step 
in  the  right  direction;  but  much  yet  remains  to  be  done  in 
order  to  attract  seamen  to,  and  retain  them  in,  that  important 
branch  of  the    service.     From  the  subjoined  table  it  mUl  be 

A  Table  of  the  Hate  of  Wages  in  the  Rotal  Navt  per  Month  and  per 
Tear,  under  the  Old  and  New  Regulations. 


Under  the  OU 
Entries. 

ContlntioaB  Senioe, 
or  Entiy  for  10  TeuRt. 

IMfferenoe 
in  favour  aF 

Rattko. 

Per  Month 

of 
31  Days. 

Per  Year. 

Per  Month 

of 

31  Days. 

Per  Year. 

OontiuQoiis 

Servloe 

per  Yew. 

Chief  petty  officers ... 
Fif8t  -  class    working  > 

petty  officers    / 

Second-class  working^ 

p(?tty  officers / 

Louding  seamen  

Able  seamen 

£.  8,    d. 

3     2     0 

2  14    0 

2    9     1 

2    6    6 
2     14 
1  13    7 

18    5 

1 
0  18    1 

0  15    6 

£.    «.   d. 
36  10    0 

31  18    9 

28  17  11 

27    7    6 
24    6    8 
19  15    5 

16  14    7 

10  12  11 

9    2    6 

£.  8.  d, 
3    9    9 

3    2    0 

2  16  10 

2  14    3 
2    9    1 
1  18    9 

1  11    0 
0  18    1 
0  15    6 

£.    8,    d. 
41     1     3 

86  10    0 

33    9    2 

31  18    9 
28  17  11 
22  16    3 

18    5    0 

10  12  11 

9    2    6 

£.  «.   d. 

4  11      8 
4  11     8 

4  11      8 

4  11     8 
4  11     8 
8    0  10 

1  10     5 
Nodifll 

Nodilt 

Onliuary  seamen 

Sec'oud-clasB  ordinary "^ 

seumen f 

Boys  (first-class),  andl 

naval  apprentices. . .  j 
Boys   of  the   second 

class  

Seamen-gunners,  icho  are  men  trained  in  the  "Excellent,''  receive  4(Z.  per  day  it^ 
thr  jlfHt  claw,  and  2d.  j>er  day  in  the  second  cla*s,  in  addition  to  all  other  pay  of 
thrir  ratings.    Also  five  years  service  are  allowed  to  he  counted  as  six,  for  a  pen^iai. 


"  Frigates  of  instruction  for  scamen-giinncrs  in  the  French  Navy  are  appro- 
j.riateil  to  that  imi)ortant  pnrf)osc,  and  occasionally  accompany  their  squadrons 
aii.l  llcets  on  sea-<:oing  service.     Thus  the  "  Amazoue,"  fre'gate  d'instruction 
i()nn«'(l  i)art  of  Admiral  La  Lande's  fleet  in  the  Mediterranean,  in  1840.  * 

'I  lie  **Minervc"  1st -class  friizate  was  sivecially  conninssioncd  for  L'Ecole 
i\<  s  Matelots  Cauonniers,  in  1H18.  rpj^^ 
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seen  that,  according  to  the  present  regi 
who  obfain  certificates  of  the  first  and  second  classes  receive, 
respectiyely,  only  2d.  and  id.  per  day  above  the  pay  due  to 
their  ratings,  but  which  is  now  raised  to  id.  and  2d.  This  is  not 
sufficient  to  induce  seamen  to  enter  the  service  for  the  purpose 
of  being  trained  as  gunners  rather  than  as  mere  seamen ;  nor  is 
the  amount  of  pension  awarded  to  the  class  of  trained  gunners 
sufficiently  liberal.  The  government  and  the  country  shonld 
consider  what  would  have  been  the  state  of  the  naval  service  if 
the  Establishment  for  training  seamen-gunners  had  not  been 
formed,  and  the  deficiencies  even  now  experienced  from  its 
inadequate  extension. 

40.  When  the  war  with  Russia  broke  out,  in  1854,  the  naval 
force  in  commission  was  vastly  and  suddenly  increased.  The 
total  number  of  guns  carried  by  the  ships  in  the  Black  Sea 
Fleet  was  1394,  and  those  in  the  Baltic  Fleet  2200.  Supposing 
the  ships'  batteries  are  manned  on  one  side  only,  half  the  sum 
of  these,  or  1797,  is  the  number  of  guns  on  the  fighting  sides  of 
the  ships ;  and  for  this  vast  force  we  had  only  010  men  fit  to 
serve  as  captains  of  guns  in  depot,  aa  none  could  be  spared  from 
the  ships  previously  in  commission.  This  inadequate  number 
furnished  only  one  trained  seaman  to  each  gun,  as  its  captain, 
whereas  there  shoiild  be  three,  aa  in  the  French  service ;  the 
captain,  the  man  under  him,  with  the  man  who  serves  the  vent- 
tube  and  lock.  Had  the  Establishment  for  trained  gunners 
been  increased,  as  urged  by  the  author  a  few  years  since,  and  as 
recommended  by  Sir  Thomas  Maitland  (see  Art.  37),  how  dif- 
ferent would  have  been  the  effective  condition  of  the  fleets  1 

41.  It  should  be  remembered  that,  when  emergencies  shall 
arise,  we  shall  require  both  ffunnerg  well  qualified  to  cope  with 
opponents  trained  in  all  the  improvements  which  the  practice 

The  Russians  have  long  since  mJopk'd  tlie  French  prnctica  of  forming  wliat 
are  cnHed  Eiiuipaga  rle  Wpie  (shipB'  crews) ;  of  Ineae  they  have  4S,  euch 
cunaiating  of  1195  men :  viz.,  27  in  the  BaLtid  and  at  Archangel,  16  in  tho 
Black,  and  3  in  the  IJaspian  Sea.  Each  "Kquipago"  m  divided  into  four 
compaiuea,  of  which  three  form  the  quota  aaaigDed  to  shipa  of  throe  deohB, 
two-and-a-half  to  ships  of  two  decks,  and  one-and-a-half  \a  fri^tes  of  60 
guns.  ]^or  are  the  Russians  less  active  than  other  maritime  powers  in  teaching 
the  Boience  and  improving  the  practice  of  naval  gunnery.  It  is  scarcely  necfe- 
Biiry  to  observe  that,  on  a  recent  occasion,  they  gave  ample  proof  that  they  cnti 
elTeotually  handle  those  deKtructive  weapons  which  hsve  been  introduced  in lo 
llie  warliki;  uavita  ol'  other  nutiona  within  the  Uiat  forty  years. 
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with  solid  shot  has  everewhere  attained,  and  bombardiers  highly 
expert  in  the  more  difficult  and  delicate  operations  of  shell-firing 
— a  practice  which,  if  not  carried  on  with  the  utmost  skill  and 
care,  may  be  attended  with  accidents  of  a  nature  capable  of 
causing  the  loss  of  a  ship,  or  even  of  compromising  victory  in  a 
general  action. 

42.  The  extensive  establishments  at  the  five  principal  naval 
arsenals  of  France  for  the  organization  of  Equipages  de  ligne 
(ships'  crews)  (Ordonnance  of  the  11th  Oct  1836),  as  well  as 
the  establishment  for  the  instniction  and  training  of  Matelots 
Canonniers,  will  hereafter  be  described  in  detail.  From  these 
reserves,  together  with  the  extensive  establishments  of  Marine 
Artillery  and  Marines,  a  very  considerable  number  of  ships  of 
the  line,  frigates,  and  other  vessels  may  be  promptly  manned 
and  speedily  prepared  for  service.  This  would  be  done  by  im- 
mediately embarking  the  regulated  number  of  companies,  each 
composed  of  six  petty  officers,  thirteen  marine  apprentices,  and 
thirty  seamen,  and  the  regulated  number  of  Matelots  Canonniers. 

The  government  of  the  United  States  is  only  now  beginning 
to  take  measures  for  training  its  seamen  systematically  in  the 
practice  of  gunnery.  The  Secretary  of  the  Navy,  in  his  annual 
report  (1856),  after  referring  to  the  gunnery-practice  ships  in 
the  British  Naval  Service,  states  that  an  effort  is  being  made  to 
commence  a  system  of  gunnery  education  in  the  United  States ; 
the  "  Plymouth,"  sloop  of  war,  has  been  fitted  up  under  Com- 
mander Dahlgren  as  a  gunnery  ship,  and  the  hope  is  expressed 
that  there  will  be  turned  out,  annually,  a  certain  number  of 
seamen  thoroughly  trained  to  the  management  of  heavy  ord* 
uance  in  storm  or  calm. 

A  Statement  of  the  Comparative  Pay  of  Naval  Gukners  and  Able 
Seamen  in  the  United  States'  and  the  British  Navies  in  1869. 


Pay  per  Month. 


Gunners'  mates  

Seamen  gunners,  called  quarttr  giunuTsI  Ann 

in  the  United  Stiitfs' nuvy    f,  *     ^^    i> 


Uui led  States'  Navy. 


£.  8.   d. 
5    0    0 


Al>l(Heamen. 


3  12     0 


British  Navy. 


£.  8.  d, 
3  12  0 
2  17    5 

first-class. 
2  13^   3 

rfi'cond-cliiss. 
2     U     1 


This  includih  the  4(/.  ur  2(Z.  per  day  granted  l»y  Circuliir,  April  18,  1859. 
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PART   11. 

ON  THE  THEORY  AND  PRACTICE  OF  GUNNERY,   . 

MORE  PARTIOULARLT  APPLIED  TO  THE  SERVICE  OF  THE  NAVAL  ORDNANCE. 

m 

43.  The  discoveries  made  by  Eobins,  Hutton,  and  others  in 
the  science  of  gunnery  have,  within  a  few  years,  been  so  much 
the  subjects  of  elementary  instruction  in  the  public  seminaries 
of  Great  Britain  for  the  education  of  men  intended  to  enter  the 
military  and  naval  services  of  the  country,  and  an  artillerist 
has  now  in  so  high  a  degree  the  power  of  attaining  the  pure 
science  of  his  profession,  that  it  may  seem  unnecessary  to  dwell 
at  length  on  the  mathematical  theory  of  projectiles.  This 
subject  will,  therefore,  be  briefly  introduced  in  notes ;  and  it  is 
intended,  in  the  text,  merely  to  exhibit  the  formulas  which  cx)m- 
prehend  the  rules  employed  in  the  practice  of  gunnery,  and  to 
explain  the  manner  in  which  those  rules  are  deduced  from  the 
theory. 

44.  The  theory  of  gunnery,  in  its  present  state,  is  admitted 
to  be  insufficient  to  serve  alone  as  a  basis  for  the  practice  of 
the  artillerist;  yet,  as  it  may  be  not  unreasonably  expected 
that  the  theory  will  ultimately  be  carried  to  a  degree  of  per- 
fection corresponding  to  that  which  has  been  attained  in  other 
departments  of  physical  science,  it  should  be  borne  in  mind 
that  this  object  can  be  gained  only  by  a  diligent  cultivation  of 
the  theory  itself;  and  it  may  be  added  that  it  is  only  a  scientific 
member  of  the  profession  who  can  direct  experiments  tending 
to  useful  results,  or  can  advantageously  introduce  in  formulsB 
the  data  which  the  experiments  furnish. 

45.  While  the  processes  to  be  followed  in  investigating  the 
lawd  of  projectile  motion  in  resisting  media  were  known  only 
to  a  few  men  of  superior  scientific  attainments,  it  happened 
unavoidably,  the  guide  to  a  correct  and  improved  practice 
being  wanting,  that  the  most  indispensable  precepts  relating  to 
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construction,  armament,  and  equipment  were  violated,  and  tliM 
most  obvious  results  of  experimental  researcJi  were  imseeQ  ofl 
disregarded.  I 

46.  A  knowledge  of  the  principles  of  gunnery  is  more  eesenfl 
tial  to  the  naval  artillerist  than  to  an  officer  in  any  otheM 
branch  of  the  service; — to  him  it  may  indeed  be  said  to  bd 
absolutely  necessary — and  it  cannot  be  doubted  tliat  he  ongliS 
to  avail  himself  of  every  means  in  his  power  to  study  the  theoiV 
which  should  form  the  ground  of  his  practice.  It  is  true  thajl 
the  construction  of  a  gun  and  the  regulation  of  its  equipm^n 
depend  not  always  on  an  individual  oSicer,  but  are  determined 
by  the  authorities  in  the  proper  department ;  it  is  also  tmfl 
that  tables  of  the  ranges  of  shot,  with  different  charges  ol 
powder  and  different  elevations  of  the  "  arm,"  have  been  formafl 
from  experiments,  and  published  by  authority,  for  the  guidanafl 
of  the  artillerist  in  like  circumstanoes ;  but  these  tables,  arfl 
even  now,  not  sufficiently  extensive  to  meet  the  vast  variety  <)■ 
cases  in  which,  afloat  or  on  shore,  the  officers  of  our  navy  maM 
be  called  upon  to  act ;  and,  the  charges,  the  elevations,  ai^| 
even  the  windages  remaining  the  same,  the  ranges  contimialHB 
differ  in  consequence  of  variations  in  the  quality  of  the  powden 
the  state  of  the  atmosphere,  the  figure  of  the  shot,  and  mai» 
other  circumstances.  M 

47.  A  familiarity  with  all  the  details  of  the  theory  of  proa 
jectiles  can  be  acquired  only  by  the  aid  of  works  professedM 
treating  of  dynamics  in  its  highest  branches ;  but  a  course  ofl 
study  carried  on  to  an  extent  which  the  reading  of  such  worka 
implies  may  not  be  within  the  reach  of  every  officer ;  and,  am 
present,  it  is  perhaps  unnecessary.  A  certain  knowledge,  howS 
ever,  of  the  principles  is  indispensable  for  all,  in  order  to  euablJ 
tliem  to  comprehend  the  deductions  made  from  the  theory,  ana 
apply  the  formulte  to  such  novel  eases  aa  may  arise  in  tlifl 
courso  of  tlieir  practice.  J 

48.  The  numerical  determination  of  points  in  the  currJ 
described  by  a  projectile  in  a  resisting  medium,  even  when  thq 
analytical  formulse  are  given,  is  a  work  of  so  much  labour  than 
scarcely  any  practi(?ul  artillerist  would  be  disposed  to  execntd 
it  for  a  particular  case  which  may  occur,  and  such  officer,  conJ 
liniug  himaelf  to  the  subject  of  ranges  only,  would  probablyi 
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prefer  maldug  approximative  interpolations  between  the  ranges 
which  have  been  experimentally  determined ;  yet  even  this 
comparatively  aimplo  process  cannot  be  effectively  accom- 
plished witliout  a  knowledge  of  the  principles  on  which  the 
ranges  are  investigated;  and  an  officer  of  the  artillery  should 
no  more  be  unacquainted  with  these  tlian  witli  the  important 
discoveries  which,  in  gunnery,  relate  to  construction  and  arma- 
ment. It  is,  in  fact,  of  the  utmost  importance  that  officers 
should  be  familiar  with  the  velocities  due  to  the  charges  they 
use,  witli  the  principles  on  which  those  charges  have  been 
regulated,  and  with  the  effects  which  may  result  from  varia- 
tions in  their  quantities  or  qualities.  It  is  particularly  essential 
that  those  naval  officers  at  whose  discretion  and  on  whose  appli- 
cation the  equipment  of  vessels  with  respect  to  the  nature  of 
gun  is  frequently  regulated,  should  know  the  laws  of  the  action 
of  powder  in  guns  of  different  lengths,  and  with  charges  of 
different  quantities,  also  the  effects  of  a  plurality  of  shot  as  well 
OS  of  single  balls,  or  shells,  of  different  weights.  Lastly,  officers 
should  be  acquainted  with  the  laws  of  the  penetration  of  shot  of 
different  sizes,  when  fired  at  different  distances,  into  materials 
of  different  kinds,  as  well  as  with  the  effects  of  the  air's  resist- 
ance on  projectiles  of  different  magnitudes  and  forma  when 
discharged  with  different  velocities. 

4E).  Persons  unaware  of  the  force  with  which  a  military  pro- 
jectile, when  impelled  i\-ith  great  velocity,  is  resisted  in  its 
passage  through  the  air,  and  imperfectly  acquainted  with  the 
mathematical  processes  by  which  tlie  trajectory,  or  path,  in  a 
resisting  medium  may  be  approxiraatively  determined,  still 
imagine  that  the  laws  of  the  flight  of  such  projectile  may  be 
deduced  from  the  well-known  properties  of  the  parabolic  cu 
which  it  would  describe  in  vacuo.  This  opinion  is,  however, 
unfounded,  and  the  results  obtained  from  those  properties  are 
seldom  of  use  in  the  practice  of  gunnery;  yet,  as  the  para- 
bolic theory  affords  useful  deductions  iu  some  cases,  and  a 
knowledge  of  it  constitutes  a  step  in  the  ordinary  courses  of 
military  instruction,  that  theory  is  briefly  explained  in  tha 
subjoined  note.* 


luouth 


Let  A,  Fig.  1,  Plate  I.,  be  the  centre  of  gravity  of  tie  projertilo  at  the   i 
ith  of  a  jiiece  of  ordnance ;  let  A  X  be  a  horizouuil,  aud  A  Y  a  vertical 
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50.  But  no  artillerist  xeqnirai  now  to  be  told  thet  the  dedno- 
lions  from  the  perabolio  theory  are  without  yalne  in  praetioe^ 

• 

line,  both  pudng  through  that  point:  alio  let  A  T»  a  tvigmt  tofha  ourro  ai 
A,  be  the  dincSon  in  whiioh  the  ehot  is  diKhaiged,  to  that  T  A  X  k  IIm 
angular  eteralkm  of  the  piece.  Let  this  ande  be  vsiffeaented  by  a»  and  let  tiia 
initial  velodty  of  the  shot  be  represented  by  v :  leti  be  anytime  wwhnnlng 
from  the  instant  of  the  dischaige,  also  let «,  y  be  the  horiiontal  and  wtloiil 
co-ordinates  of  sny  point  in  the  odrre. 

Now,  if  the  foioe  of  gvntv  did  not  exist,  the  shot  would  more  with  mdSana 
velocity  in  the  line  A  T,  and  if  1^  were  its  place  at  the  end  of  the  time  t^  wn 
should  have 

Ah  Sit  9,    AB  =  as<«oosa,    &Bs<«sin«: 

but,  by  Dh^namics.  the  deflecd<m  h  P  prodooed  by  gravity  in  the  time  I  is 
expressed  by    gr.    We  have  therefore 

PBsysivsfaia-igi^. 

Now,  fnm  the  first  eqnatkxi,  we  have  i  = ; 

VXSOS  8 

and,  substitating  for  i  this  value,  we  have 

»  =  •*«»— 2TO7= 

again,  by  Dynamics.  ^-2gh(Ji  representing  the  height  doe  to  the  inltlid. 
velocity^  therefore  the  equation  to  the  trajectory  becomes 

and,  by  the  theory  of  curves  of  the  second  order,  this  is  the  eqnalkin  to  a 
parabola,  the  axis  of  the  curve  being  perallel  to  A  T. 

When  y  s  (^  we  have,  first  »  «  0,  and  secondly  a  »  4  A  idn  a  cos  a ;  or,  lij 
trigonometry,  =2  A  nn  2  a.  The  first  value  of  x  corresponds  to  the  poiiit  A, 
and  the  latter  to  the  point  I :  this  last  expresses  the  value  of  the  range  on  a 
horizontal  plane. 

Differentiating  the  equation  (A)  and  making  J^  =s  0,  we  have 

x  =  2Asinacosa,the  half-range  (  =  A M),  imd  substituting  this  value 
X  in  (A),  we  get 

y  s  A  sin*  a 

■ 

for  the  greatest  venical  ordinate  (  =  M  E)^  and  K  is  called  the  vertex  of 
curve. 

Since  »  s  ^  v  oos  a,  we  have 

dx 

that  is,  the  velocity  of  the  shot  in  the  horizontal  direction  at  any  point  in  the 
curve  is  constant. 

Again,  since  y=*vsina  —  J^f*we  have  the  velocity,  in  a  vertical  dir«6^    * 

tioD,  at  the  end  of  a  given  time  ty  jjf 

dy  . 

-^  =  V  Bin  a—  at 

at 

m 

From  these  values  of  j-  and  -^  wo  have  the  velocity  at  the  end  of  a  given 
time  t,  in  the  direction  of  the  curve 

=  {tj2-2pge8ina  +  si2^}^; 
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except  when  the  initial  velocities  of  projectiles  are  less  than 
two  or  three  hundred  feet  in  a  second,  when  the  resistance  of 
the  air  is  very  smaU.  In  such  a  case,  indeed,  the  propositions 
of  gunnery  may  be  solved,  by  the  parabolic  theory,  with  toler- 
able accuracy;  but,  with  greater  velocities,  the  conclusions 
obtained  from  it  are  grossly  erroneous.  It  wiU  neither  serve  to 
determine  the  range,  when  the  elevation  and  initial  velocity  are 
given ;  nor  if  the  time  of  flight  were  observed  and  the  range 
measured,  could  the  initial  velocity  be  computed  from  those 
data. 

51.  The  determination  of  the  velocity  of  shot  at  the  moment 
of  being  discharged  from  a  piece  of  ordnance,  the  charge  of 
powder  being  given,  would  be  an  easy  deduction  from  the 
known  theory  of  forces,  were  it  not  that  much  uncertainty 
exists  respecting  the  value  of  the  expansive  force  of  fired  gun- 
powder ;  and  it  was  to  ascertain  that  value,  by  comparing  the 
mathematical  expression  for  the  initial  value  of  shot  with  velo- 
cities obtained  from  experiment,  that  Mr.  Bobins  first  invented 
the  Ballistic  Pendulum,  by  which  such  v^ocities  can  be  mea- 
sured with  great  precision. 


but,  if  6  represent  the  angle  which  a  tangent  to  the  curve  at  any  point  makes 
with  a  horizontal  line,  the  velocity  at  that  point  in  the  direction  of  the  curve 

will  be  expressed  by  tt. .  or ^\  that  is,  such  velocity  varies  in- 

^  "^  d  e    cos  a '  COS  a  ' 

versely  as  the  cosine,  or  directly  as  the  secant  of  the  inclination  of  the  curve, 
at  the  given  point,  to  the  horizon. 

From  the  value  of  x  we  have  t  = ,  and  when  as  =  4  ^  sin  a  cos  a, 

V  cos  a 

that  is  the  whole  range,  the  value  of  t  becomes 

4  7»  sin  a 


or  sm  a 


/8^ 


V 

this  is  the  expression  for  the  whole  time  of  flight,  and  it  evidently  varies  with 
the  sine  of  the  given  angle  of  elevation. 

Since  the  product  sin  a  cos  o  remains  the  same  for  any  given  value  of  a 
and  for  its  complement,  it  follows  that  there  are  two  elevations  (o  and  90^  —  a) 
of  a  piece  of  ordnance  which,  with  the  same  initial  velocity,  give  the  same 
horizontal  range. 

The  elevation  of  a  piece  being  the  same,  the  horizontal  ranges  (2  h  sin  2  a) 

vary  with  the  heights  due  to  the  initial  velocities ;  or,  since  h  =  —,  with  the 

2g 

squares  of  the  initial  velocities ;  lastly,  the  initial  velocities  being  equal,  the 
horizontal  ranges  vary  with  the  sine  of  twice  the  given  elevation,  and  such 
range  is  evidently  a  maximum  when  a,  the  elevation,  is  45  degrees. 
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52.  Tlio  esporiments  of  Mr.  Robins  fonnrd  an  era  in  ( 
theory  of  guimcry,  but,  Laviug  used  only  such  sliot  as  could  be 
discharged  from  iiiuskel-baiTC-ls,  it  bct^me  desirable  that  experi- 
ments of  the  same  nature  should  be  made  on  a  much  larger 
Bcale  thau  the  means  of  a  private  individual  could  afford,  and 
the  prosecution  of  tliis  important  subject  was  entrusted  to 
Dr.  Hutton,  professsor  of  mathematics  in  the  lloyiil  Military 
Academy,  to  whom  the  countrj'  is  so  much  indebted  for  the 
high  state  of  theoretical  knowledge  which  the  British  artillery 
possesses.  These  experiments  were  commenced  in  the  year 
1775,  and  a  copy  of  tlje  report,  being  presented  to  tlie  Royal 
Society,  was  honoured  with  the  gift  of  the  annual  gold  medal. 
Dr.  Hutton  carried  on  a  second  series  of  the  experiments  in  the 
years  1783-4-5,  &c. ;  and  Dr.  Gregory,  his  successor  in  the 
chair  of  mathematics  at  the  Academy,  was,  in  1817,  caor- 
jointly  with  General  Millar  and  Colonel  Griffith,  charged  with 
the  superintendence  of  a  corresponding  series,  in  which  a 
pendulum  weighing  7000  Ihs.  was  employed.  It  should  be 
ohserved  that  experiments  having  the  like  object  in  view,  but 
with  a  different  kind  of  macliine,  were,  in  1764,  carried  on  by 
the  Chevalier  d'Antoui,  at  Turin,  and  the  reaulls  at  which  he 
arrived  differ  but  little  from  those  subsequently  obtained  by 
Dr.  Hutton. 

53.  The  Ballistic  Pendulum,  Fig.  2,  PL  I.,  consists  of  a  lai^ 
block  of  wood,  suspended  by  iron  rods,  so  aa  to  vibrate  on  a 
horizontal  axis  upon  receiving  tlie  imjtact  of  shot  projected 
into  it.  In  order  to  measure  the  arc  of  \ibration,  Dr.  Hutton 
applied  a  pointed  piece  of  iron,  as  at  P,  to  the  inferior  surface 
of  the  block,  so  that  its  lower  extremity  might,  during  the 
vibration,  trace  a  curve  line  on  a  bed  of  soft  grease  which 
filled  a  groove  in  the  circular  piece  A  B  of  wood.  The  number 
of  degrees  in  the  act  of  vibration,  or  the  chord  of  that  numb^ 
of  degrees,  was  measured  on  a  scale  of  chorda  which  was  laid 
down  on  the  machine ;  and,  from  thence,  the  places  of  the 
centre  of  gravity  and  the  centre  of  oscillation,  together  with 
the  momentum  of  the  inertia  of  the  pendulum  being  previoualy 
found,  the  velocity  of  the  shot  at  the  moment  of  impact  could 
be  determined. 

5i.  In  conducting  the  experiments  at  L'Orient,  &om  18 


1  18^ 
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to  1846,  the  French  engineers  made  use  of  a  pendulum  eon- 
sisting  of  a  suspended  gun  in  combination  with  a  suspended 
receiver  {rdcepteur),  corresponding  to  the  block  in  the  English 
pendulums  ;  and,  in  1843,  the  United  States'  government 
caused  a  series  of  experiments  to  be  made,  under  the  direction 
of  Brevet-Major  Mordecai,  with  an  apparatus  constructed  on 
the  same  principle  as  the  French  machine.  It  consisted  of  a 
gun  (a  24-pounder  or  a  32-pounder)  suspended  between  two 
piers  by  a  horizontal  axis  turning  on  knife-edges  ;  and  of  a 
hollow  frustum  of  a  cone  of  cast  iron  suspended  in  a  similar 
manner;  the  axes  of  the  gun  and  cone,  when  both  were  at 
rest,  being  in  the  same  horizontal  line.  The  hollow  finistum 
was  filled  with  sand,  in  bags,  to  receive  the  impact  of  the  shot ; 
its  front  being  covered  with  a  plate  of  iron  having  in  the 
centre  a  perforation*,  which  was  covered  with  sheet  lead,  and 
through  this  the  shot  passed  after  being  discharged  from  the 
suspended  gun.  The  whole  weight  of  the  gun-pendulum  was 
10,500  lbs.,  and  that  of  the  receiver  pendulum  9358  lbs.  The 
distance  of  the  centre  of  gravity  in  each,  from  the  axis  of  sus- 
pension, was  about  14 J  feet;  and  the  sensibility  of  the  pen- 
dulums was  such,  that  when  set  in  motion  in  an  arc  of  12 
degrees,  the  receiver-pendulum  continued  to  vibrate  about  24 
hours,  and  the  gun-pendulum  about  30  hours. 

55.  The  distance  of  the  centre  of  gravity  G,  Fig.  2,  PI.  I., 
from  the  axis  of  suspension  at  C,  in  the  ballistic  pendulum  is, 
in  some  cases,  found  experimentally  by  balancing  the  whole 
apparatus,  in  two  different  positions,  on  an  edge  of  a  triangular 
prism ;  but  the  most  accurate  process  for  its  determination  is 
(while  the  machine  is  suspended  on  its  horizontal  axis  at  C) 
by  a  weight,  at  the  end  of  a  string  attached  near  P,  and  passing 
over  a  pulley,  to  draw  the  block  up  till  its  vertical  axis  C  P  is 
in  a  horizontal  position.  Then  the  known  weight  of  the  whole 
pendulum  being  supposed  to  act  at  G,  the  required  place  of 
the  centre  of  gravity,  and  being  represented  by  W;  also  P 
representing  the  weight  which,  by  experiment,  keeps  the  ma- 
chine in  equilibrio  in  a  horizontal  position;  we  have,  by  the 
nature  of  the  lever, 

P.CP=W.CG;  therefore  CG  =  ;|^.  CP 

W 

D 
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Thus  tlie  mqiiired  distance  of  flu  oentre  of  ffnitf  tom  A» 
axis  of  mqieiuioii  u  known* 

56.  Hie  centre  of  oscillation,  in  a  Tibnting  bo^fi  i>  Alt 
point  in  which,  if  the  whole  ijuuitity  of  matter  ooidd  k  mt^ 
centrated,  the  time  of  a  .vibratKm  about  flie  ■uae  wsim  of  H»>. 
pension  wtxild  be  eqoal  to  that  of  the  gireu  bodjr.  Ik  oidir  la 
obtain,  experimentallj,  the  distance  t£  the  oentm  at  omlOtMam 
from  that  axiB,  let  the  body,  when  Buapended  fteely,  be  n^dtt  to 
perform  TibiatitHu  of  smaJl  extent  on  each  nde  of  a  iwUual 
plane  pasong  Ummgh  the  axia  of  niqmnaion,  and  Ufk  iSbrnmam' 
ber  of  Boch  vibrations  which  are  made  in  a  gim  tiaw*  •■  tmm 
minnte,  be  coonted.  Then,  the  number  be^  repie— toi  bf 
fl,  since,  bj  Dynamics,  the  lengths  of  pendolnmi  an  iwffwdiy 
proportional  to  the  sqoarea  of  the  number  of  Tibratiam  pOT> 
Ibnned  in  a  given  time,  we  have^  I  the  length  of  a  maAaraatinl 
pendolom  vibrating  seconds  in  the  latitude  of  the  plae*  «f 
experiment  being  known," 


•  The  podium  of  the  cmtre  of  gravity  in  euh  of  tbe  jx^uilnlums  tiaed  in 
theUoilM  Stato' exparimmla  wu  foimd- by hftLntdng  tlie  mochiue,  indif- 
ferent poritfou,  on  ft  ateA  bw ;  hnt  the  mtrtbod  «mp]':>ycil  hy  the  Frandi 
artillcrute  waa  nearly  as  follom : — The  axii  of  the  bore  bciu^  in  a  liorisontal 
positioiua  weight  to  nSoient  to  caoae  that  axis  to  take  »  jKiFjitir-n.  as  A  B, 
Fig.  3,  Plate  I.,  inclined  to  Qie  horison  in  a  oertain  nnall  Mv^Xe  A  D  K,  rcptv- 
wnted  by  6,  was  w>lied  aa  at  H,  under  one  extramitj'  ul  the  )iioce ;  iIm 
centre  of  gmvity  of^the  whole,  which  previonalj  was  in  n  vciHcal  lioe  CZ 
pasaiug  throogh  the  axia  0  of  lUflsenMon,  waa  oonaeqncaily  iiind(<  to  desonba 
an  arc  subtending  an  equal  angle Z  C  D.  The  aameweigbt  was  then  removed 
to  the  oppoiBte  extremity  K,  of  the  mece,  by  which  nu/nris  tlic  ccntr«  cf 
gravity  waa  made  to  describe  an  arc  mbtending  an  angle  I?'  on  ))ii^  otlitr  ndi 
of  the  vertical  line,  ThetL  W  bebe  the  weight  of  the  ptii'luliun  with  its  sSf 
or  mortar ;  I  the  length  o(  the  penduluni,  or  the  perpend  uu  I  iir  Jisrimcc.-  (naa 
the  axis  of  auspeneion  to  a  line  H  K,  parallel  to  the  a\!,<  >A  lliu  Ikjre,  atid 
joining  the  pointe  H,  K,  at  which  the  weight  w  was  .■lUat.lKd  under  Ui* 
l>iece,  if  a  be  the  length  of  that  line,  also  if  G  represent  tlic  rtquired  "" 
of  the  centre  of  gravity  from  the  axis  of  suapenBion ;  we  shall  have 
_w  .-tBin(9+8-) 
W      sin  (9  +  e") 

In  the  investigation  of  this  formula,  0  and  6'  being  smnll  angles,  coa  B  ami' 
cos  6'  are,  each,  considered  as  unity  ;  and  sin  (0  +  6')  is  ywX  fmsiu  0+  siu^. 
— ('  Experiences  d'Artillerie  ex^cut^cs  ft  L'Orient,'  Paris,  IHJT.) 

The  forainla  for  G  m  the  work  just  quoted  (page  8)  ii  mi  re  i?f>ni[ilcs  than 
that  which  is  above  given,  in  consequence  of  tic  introduction  in  the  fbtn* 
of  an  additional  weight  called  the  Compenmttur,  which  is  employed  in  ord 
to  insure  a  perfect  horizontality  of  the  axis  of  the  bore  when  an  ezperitnent . 
to  take  place. 

''  f  =  3U.13929  iuchea  in  the  latitude  of  London. 
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t  being  the  length  of  the  equivalent  mathematical  pendulum  or 
the  required  distance  (C  O,  Fig.  2)  of  the  centre  of  oscillation 
&om  the  axis  of  suspension:  this  distance  is  supposed  to  be 
measured  on  a  line  passing  through  the  axis  of  suspension  and 
the  centre  of  gravity  in  the  body.* 

57.  The  centre  of  oscillation  being  found,  the  momentum  of 
inertia  with  respect  to  the  horizontal  axis  of  suspension  may  be 
readily  obtained  thus : — 

Let  I  be  the  distance  of  the  centre  of  oscillation  from  the 
axis  of  suspension ;  G  the  distance  of  the  centre  of  gravity  from 

the  same  axis ;  m  the  mass  (  =  — j  of  the  body,  w  representing 

the  body's  weight,  and  g  (=  32.2  feet)  the  force  of  gravity ; 
then,  by  Dynamics, 

and  f  r*  d  m  (the  required  momentum  of  inertia)  =  Q  ml  or 
w 

9 

58.  If  the  block  of  a  ballistic  pendulum,  when  at  rest,  be 

struck  at  any  point  in  its  front  by  a  shot  projected  horizontally 
against  it,  the  line  of  projection  being  also  in  a  vertical  plane 
perpendicular  to  the  axis  of  suspension,  the  angle  through 
which  the  vertical  axis  of  the  pendulum  is  made  to  recoil  by 
the  impact  may  be  measured  by  the  scale  on  the  machine ;  and 
this  angle,  with  the  other  data  obtained  in  the  manner  just 
stated,  will  afford  the  means,  by  a  comparatively  simple  process, 
of  obtaining  the  required  velocity  of  the  shot  The  formula  for 
this  purpose  is  ^ 

\y  {(Gw+«,a)(Gw?+toy)g},  ^.^ 

wh  * 

in  which  v  is  the  required  velocity  of  the  shot  at  the  instant  of 
striking  the  pendulum ;  * 


•  The  observed  number  of  oscillations  should,  in  strictness,  be  reduced  to 
the  number  which  would  be  performed  by  the  body  in  an  equal  time  if  the 
vibrations  were  infinitely  small.     For  this  purpose  the  observed  number  n 


(i+8t) 


should  be  multiplied  l^y  (  l+^i;  ),  o  being  the  height  of  the  observed  mean 
arc  of  vibration,  or  the  vertical  distance  from  its  highest  to  its  lowest  point. 

n    9 
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G,  the  distance  of  the  centre  of  gravity  of  the  pendulum  from 

the  axis  of  suspension ; 
W,  the  weight  of  the  pendulum ; 
w,  the  weight  of  the  shot ; 
ly  the  distance  of  the  centre  of  oscillation  in  the  pendulum  from 

the  axis  of  suspension ; 
h,  the  distance,  in  a  yertical  direction^  of  the  point  of  impact 

from  the  axis  of  suspension ; 
g,  (=  32.2  feet)  the  force  of  gravity ;  and 
6,  the  angular  extent  of  a  vibration  on  either  side  of  a  vertical 

line  drawn  through  the  axis  of  suspension.' 
If  the  distance  of  the  point  of  impact  frt)m  a  horizontal  line 
passing  through  the  centre  of  oscillation  be  very  small ;  then  A 
may  be  considered  £U3  equal  to  I ;  and  the  above  equation  will 
become 


1?  =  — ^^ — — ^sinie 

w 


V  / ' 


or  (G'  being  the  distance  fix)m  the  axis  of  suspension  to  the 
common  centre  of  gravity  of  the  pendulum  and  shot) 

2(W+w)G'    .    ,         /— 

But  2  sin.  id^/gl  =  v'  I,  the  linear  velocity  of  the  centre  of  oscil- 
lation; therefore 

v  = G  V. 

In  these  formulsB  for  v,  W  G  and  I  may  be  considered  as  re- 
presenting, respectively,  the  weight  of  the  augmented  pendulum, 
and  the  distances  of  the  centres  of  gravity  and  oscillation  from 
the  axis  of  suspension. 

In  the  investigations  leading  to  the  formulae  no  notice  is 
taken  of  the  resistance  of  the  air  against  the  face  of  the 
pendulum  when  made  to  vibrate ;  but  it  is  shown  by  Dr. 
Hutton  (Tract  xxxiv.  Art  27)  that  the  diminution  of  the 
velocity  on  this  account  does  not  exceed  ^tjVt  ^^  ^®  whole ; 


*  The  investigation  of  the  above  formuU  for  v,  and  also  that  of  the  formula 
for  u/  in  Art.  59,  are  given  in  the  fourth  edition  of  this  work,  but  these  are 
now,  for  the  sake  of  brevity,  omitted. 
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and  even  this  is,  in  part,  corrected  by  the  mechanical  method 
employed  in  determining  the  centre  of  oscillation.  It  is  proved 
also  by  Dr.  Hutton  that  no  sensible  error  in  the  computed  velo- 
city of  shot  arises  from  the  time  (about  -g^  of  a  second  in  the 
pendulum  which  he  employed)  during  which  the  shot  is  pene- 
trating into  the  block. 

It  is  evident,  other  things  being  equal,  that  the  velocity  of  the 
shot  varies  with  sin  J  9,  or  with  the  chord  of  the  arc  of  vibra- 
tion. 

59.  In  the  United  States*  pendulums,  after  I  had  been  deter- 
mined, as  above  mentioned,  an  additional  weight  (667  lbs.)  was 
applied  under  the  gun  and  block,  by  which  the  distance  from 
the  centre  of  oscillation  to  the  axis  of  suspension  wcus  rendered 
equal  to  the  distance  of  the  Une  of  fire,  and  point  of  impact, 
from  that  axis.  This  weight,  representing  it  by  tv'y  is  expressed 
by  the  formula — 

,    G'  w  (z-r) 

6(6-0      ' 

in  which  W  is  the  weight  of  the  original  pendulum ;  w'  the 

additional  weight  to  be  applied ; 

G'  and  G  the  distances  from  the  axis  of  suspension  to  the  centres 

of  gravity  of  the  original  and  of  the  augmented  pendulum  ; 
b  the  distance  from  the  same  axis  to  the  centre  of  gravity  of  the 

additional  weight ; 
r  and  I  the  distances  from  that  axis  to  the  centres  of  oscillation 

in  the  original,  and  in  the  augmented  pendulum  respectively. 

60.  The  initial  velocity  of  shot  has  been  determined  by  firing 
the  shot  directly  against  one  end  of  a  hollow  cylinder  closed  at 
the  extremities,  while  the  cylinder  is  made  to  revolve  uniformly 
on  its  axis,  the  shot  being  fired  as  nearly  as 
possible  parallel  to  the  axis.  The  rule  for 
determining  the  velocity  by  such  a  machine 
is  very  simple.  Suppose  the  shot  were  to  enter 
the  nearest  face  of  the  cylinder  at  a,  and  to 
emerge  from  the  farthest  face  at  b  (6  being,  by 
the  revolution,  brought  opposite  to  a  during  the 
time  that  the  shot  is  passing  through  the 
cylinder).    Let  the  length  of  the  cylinder  be  24  feet ;  let  the 


Fig.  1. 
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angle  A  O  B  be  80  detpreee,  and  let  tlie  tiiM  of  ths  ejMadiA 

Tevolation  on  its  ftzu  be  ^  of  ■  wocoid :  then 

860°  :  30"  i :  I :  ^  of  a  moobiI; 

oDd  t^  lait  term  is  the  time  in  which  the  Aot  WMp— faigfaa 
straight  line  thiongh  the  oyliudw,  that  is  24  feet ; 
X  96,  or  2,3(H  ia  the  velocity  of  the  ihot  in  feet  per  ■ 

61.  The  distanoe  of  the  ballistic  pendnlnm  from  die  mn^fl 
of  the  gun  being  necessarily  from  30  to  50  fee^  in  (xdar  lliat  tiia 
block  may  not  be  affected  by  the  flame  arising  ftou  tfas  di^ 
chai^  the  velocity  of  the  shot  at  the  moment  of  leniog  tiia 
gun  is  greater  than  that  which  is  obtained  from  the  fixMnlk  ■ 
Art.  58 ;  and  difierent  formnlee  have  been  proposed  ftr  lha.TM^ 
pose  of  asoertaining  one  of  these  relocitiee  from  the  <Mbtr,  or 
the  velocity  lost  l^  the  shot  in  passing  from  the  gun  to  tt« 
pendnlnm :  before  stating  these,  however,  it  will  be  pmfMr  to 
show  in  what  manner  may  be  obtained  the  ooeffloieiit  of  the 
square  of  the  velocity  in  the  expression  for  the  retaidltivu  force 
arising  from  the  lesistaoce  of  the  air.  , 

62.  Since  the  absolute  resistance  of  any  medium  agaiust  ij 
spherical  body  moving  in  it  depends  upon  the  snifaoe  wliicb  il 
acted  on  daring  the  motion,  upon  the  density  of  the  mediom^ 
and  apon  some  fimction  (suppose  the  square)  of  the  velocity^j 
let  r  be  the  semi-diameter  (^  the  body,  S  the  density  of  t~ 
medium,  o  the  velocity,  and  let  tr  represent  8.14159  (half  tj 
circumference  of  a  drcle  whose  radius  is  onity).  Then,  by  X 
namics,  r*  «  S  v*  ^  will  denote  the  resistance^  it'  being  a  corn 
coefHcient,  which  can  be  determined  only  by  experiment, 
the   mass  of  the  shot,  supposed  to  be   a  solid  sphere,    bcin 

— r"  nS",  ID  which  S'  represents  the  density  of  the  shot ;  the  ni 

tordative  force  arising  irom  the  resistance  of  the  air  will  bccooJ 

-v— FT-*  which  may  be  represented  by  -yt',   k  being  a  fmctidi 

whose  value  must  be  found  by  experiments.  Much  doubt  exMli 
concerning  its  true  value ;  but,  according  to  the  best  expoA' 
ments  which  have  been  made,  it  shoald  bo  expressed  by  ,^gf 
(a  foot  being  the  nnit  of  measure  as  well  for  r  as  for  v).     Thi 
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Bpecific  gravities  of  the  air  and  the  shot  may  be  substituted  for 
S  and  y  respectively  in  the  above  formula. 

68.  The  formulsB  alluded  to  in  Art.  61  are  obtained  &om  the 
usual  differential  equation  of  motion 

in  which/  may  represent  the  retardative  force  arising  from  the 
resistance  of  the  air.  Then,  if  the  resistance  be  considered  as 
proportional  to  the  square  of  the  velocity,  it  may  be  represented 

by  <?  v*  or  <^-t^  (in  which  c  is  put  for  the  coefficient  -p  above)  ; 

and  we  have 

V 

V  =  -~,  or  t?  =  V  e"**-  ....  (a) 

In  these  expressions,  V  represents  the  initial  velocity,  or  the 
velocity  of  the  shot  at  the  muzzle  of  the  gun,  x  the  distance  of 
the  gun  from  the  pendulum,  v  the  velocity  at  the  instant  of 
striking  the  pendulum,  and  e  (  =  2.71828)  is  the  base  of  the 
Napierian  logarithms. 

Dr.  Hutton,  making  the  resistance  of  the  air  proportional 
partly  to  the  square  and  partly  to  the  first  power  of  the  velocity, 
investigated  a  formula  which  is  equivalent  to 

whence  v  =  — ^+^.  /i\ 

^- - 

'  w 
In  these  expressions p  is  put  for   QQQQQ7555   ^a?  (^  =  ^^©  weight 

of  the  shot  in  pounds,  and  (2  =  its  diameter  in  inches)  and  q  for 
231.     (Button's  '  Tracts,*  Tract  xxxvii.,  Arts.  78,  79.) 

But  the  officers  of  the  French  school  at  Metz,  making  the^re- 
sistance  proportional,  partly  to  the  square,  and  partly  to  the 
cube  of  the  velocity,  have  more  recently  proposed  the  formula, 

^-(l+aV)ei^'-aV'  ^""^ 

(See  the  '  Aide  Memoire  d'Artillerie  Navale,'  1850)  in  which 
(v,  V  and  x  being  expressed  in  English  feet)  «  =  .0007  and  y 


■'■./ 
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varies  with  the  different  natures  of  ihot ;  Ibr  • 
(French),  oarresponding  very  nearly  to  an  BngKA 
shot,  it  is  equal  to  .0001031 

For  a  32-poiinder  ahot»  whose  aemidiameter  k  &1 
(  =  .2583  feet)  when  the  initial  yelootty,  Y,  is  1000 
second,  and  :r  is  50  feet,  we  obtain,  from  the  flnt  taauSm  Am% 
v=:  1588  feet  From  tiie  fonnnla  of  Hntton  we  harsb  it  tta 
same  circnmstanoes,  v  m  1580  feet;  and  from  the  last 
t;  =  1579  feet :  consequently,  in  a  distance  equal  to  60 
a  shot  will  lose  about  20  feet^  or  ^  of  its  original  Tslopily, '  ft 
is  evident  from  the  first  of  these  formuln  lor  v,  thal» 
being  equal,  the  Telocity  retained  by  a  shot  after  having 
a  given  distance  in  air  will  be  greater  as  the  initial  rAtdbj^ 
and  also  as  the  diameter  or  the  weight  of  the  shot,  is 

64.  Means .  being  thus  found  of  obtaining  by 
nearly,  the  velocity  by  which  a  shot  is  projected  from  a  piece  of 
ordnance,  it  is  proper  next  to  have  an  expression  fiv  the  Tdoosty 
in  terms  of  the  charge  of  powder  employed.  TboB  iolgeot 
been  investigated  by  Dr.  Hutton  (Tract  xxxYii.,  Art  100)^ 
his  result,  when  modified  so  as  to  introduce  in  it  the  we^^hft  of 
the  gun  and  its  carriage,  is  expressed  by  an  equation  eqaiti^Mk 

In  this  equation p{^ 2125  lbs.)  represents  the  pressure  of 
atmosphere  on  a  square  fbot,  g  the  force  of  gravity  ("822 
and  9r=>  3.14159. 

r  denotes  (in  decimals  of  a  foot)  the  semidiameter  of  the 
w  its  weight,  including  the  wad,  and  w  the  weight  of  the 
with  its  carriage. 

X  represents  the  length  of  the  bore  of  the  gun,  x'  the  lengtii  of 
the.charge  in  the  bore,  and  q  one-third  of  the  weight  of  the  chaige^ 

M  (  =  .43429)  is  the  modulus  of  the  common  logarithms^  maJf 
n  is  an  abstract  number  expressing  the  number  of  times  that  the 
pressure  arising  fix)m  the  expansion  of  fired  gunpowder  exceeds 
the  pressure  of  the  atmosphere.  Dr.  Hutton  found  the  value  of 
n  to  l)e  very  variable,  increasing  with  the  length  of  the  gun ; 
and  from  a  mean  of  his  experiments  he  assumed  it  to  be  2200« 
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The  experiments  of  Dr.  Gregory,  in  1815  and  1816,  make  n 
equal  to  2250 ;  that  is,  he  found  the  force  of  fired  gunpowder  to 
be  equivalent  to  2250  times  the  pressure  of  the  atmosphere.* 

In  this  formula  the  measures  of  length  are  all  expressed  in 
feet,  and  the  weights  in  pounds  avoirdupois. 

65.  But,  in  the  employment  of  the  formula,  this  value  of  n 


•  The  centre  of  gravity  of  the  charge  moving  in  the  bore  with  about  one- 
third  of  the  velocity  of  the  ball,  the  weight  of  the  latter  during  its  movement 
in  the  bore  may  be  considered  as  increased  by  one-third  of  the  weight  of  the 
charge,  supposing  this  to  move  with  the  same  velocity  as  the  ball ;  therefore 
the  accelerative  force  of  the  gunpowder  on  the  ball,  when  in  contact  with  the 
charge,  will  be  represented,  in  terms  of  the  force  of  gravity,  by 

Now,  let  X  be,  at  any  instant,  the  distance  of  the  centre  of  the  ball  from  the 
extremity  of  the  charge,  during  its  passage  aloDg  the  bore ;  then,  the  accele- 
rative force  of  the  fired  gunpowder  on  me  ball  being  inversely  proportional 

to  the  space  it  occupies  in  the  bore,  f^  ^  expresses  the  accelerative  force 
on  the  ball  when  at  a  distance  x  from  the  charge  ;  but  the  retardative  force  of 

op  t^  IT 

the  atmosphere  on  the  ball  and  charge  while  in  the  bore  is  ^^-- — ;  therefore, 

^  ^  to  +q  ' 

finally,  the  accelerative  force  on  the  ball  and  charge  is 

9P 


v/  +  q\  X  )' 


cPx 
Making  (by  Dynamics)  jrr  equal  to  this  expression  for  the  force ;  and  multi- 

plying  both  members  by  2  d  a;,  we  have 

2dx<Px  _2gpr^ir /Xfndx  \ 

^df^  «7'+<2\      x  */ 

Integrating  between  05  =  X'  and  a?  =  X,  we  have 

d?(=  ^  =  -^+J  (x'«hyp.log.  -,  +  X'  -  X)  : 

therefore  the  velocity  of  the  shot  at  the  muzzle  of  the  gun  is  expressed  by 

V{^f^  (x'»  hyp.  log.  l,+  K'-  X)}. 

But  the  accelerative  force  of  the  fired  powder  should  be  further  diminished 
in  the  ratio  of  the  sum  of  the  masses  of  the  gun,  with  its  carriage  and  the  shot, 
to  that  of  the  gim  and  its  carriage.    If,  therefore,  this  condition  be  included, 

the  first  factor  under  the  radical  sign  should  be  multiplied  by — - — ->.  If,  also, 

w  -r  iff 

X'nbe  divided  by  M  (the  modulus  of  the  common  logarithms),  the  common 
logarithm  of  —  may  be  substituted  for  the  hyperbolic  logarithm  of  that  frac- 
tion ;  and  thus  is  obtained  the  equation  for  V  in  the  text. 
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should  ba  ijiminkhoii  oq  nrenl  aoooOatL  Ffaa^  htemm  «f  tte 
thicknMi  ttf  the  bag  oonUining  the  fowiet,  k  Jwdd  te  <ll> 
mimBhedintheimtioof  theazeaofa  Mctioa  of  As  bom  to  4Nt 
of  a  Beotion  of  the  powder:  now  the  thioknaH  cf  tiMfalg.biAig 
about  ^  inob,  the  anai  of  the  aeotioiu  an  to  oae  MHttiv  (B 
being  the  radius  c^the  bore  in  inidiea),  as  BFto-B^  "*  A^ 
nearly,  or  as  1  to  1  —  -rrrrr  nearly ;  therefore,  on  Ak  ■anoBB^ 
the  above  value  of «  ihoold  be  dimiiuBlied  hj  a  ftintifiT  fHt 
of  it,  which  is  ezpreesed  by  -r^.     Secondly,  it  AddA  W 

diminifilied  on  aooonnt  of  the  windage  <tf  the  gmi':  aov  Sfe 
Button  estimated  that  the  loss  oS  fbzce  occarioned  by  i  ~ 
was  one-third  of  the  whole  fotce  whan  the  lonaiK  ans  1 
a  section  of  the  baU  and  a  seotum  of  the  ban  «M  f 
of  the  Utter ;  therefore,  consideruig  the  loss  as  i 
such  Inoario  area  (r,  the  semidiameter  of  the  ahol^  1 
expressed  in  inches), 

,     .         R*  lOB* 

and,  on  this  account,  the  above  value  of »  most  b»  (timiiiishedtl 
by  a  fractional  part  of  it^  which  is  expressed  by  — ^  '~!l, 
Lastly,  it  shoold  be  diminished  on  account  of  the  loss  of  foroe  J 
by  the  escape  of  powder  iiom  the  vent :  now,  the  semidiameter  1 
of  the  vent  being  .1  inch,  if  we  consider  the  lost  Torce  to  bear,  1 
to  the  whole  forc^  the  ratio  that  the  area  of  the  veut  bears  to  a 
section  of  the  bore,  the  value  of  n  must^  on  this  account,  be  o 

minished  by  a  fractional  part  of  it^  which  is  expressed  liy 
The  sum  of  the  three  corrections  is 

30  (R*  -  H)  +  5  R  +  1 . 
100  ' 

and  tiiis  expression  denotes  the  fractional  part  of  n,  by  which  li 
is  to  be  diminished. 

(il).  Since  the  weights  of  the  ehot  and  cliarge  are  small  c 
pared  with  that  of  the  gun  with  Ha  carriage,  a  near  approxima- 
tion to  (he  initial  velocity  will  be  obtained  by  omitting,  in  the 

ixprossion  for  V,  the  terms  -,  and  q.    The  equation  tfaen 
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vf 


becomes,  ommitting  also  the  two  last  tenns  because  of  their 
small  effect  on  the  value  of  the  velocity, 

67.  A  gun  suspended  from  a  horizontal  axis^  like  the  block  of 
wood  in  a  ballistic  pendulum,  has  long  been  occasionally  em- 
ployed to  determine,  by  the  angular  extent  of  its  recoil,  the 
velocity  with  which  a  shot 'is  projected  by  a  given  charge  of 
powder ;  and  in  the  experiments  alluded  to  in  Art.  54,  a  gun- 
pendulum,  as  it  is  called,  and  a  ballistic  pendulum,  were  combined 
for  the  purpose  of  comparing  together,  shot  being  projected  from 
the  former,  the  initial  velocities  determined  from  the  recoil  of  the 
one  and  the  impact  on  the  other.  The  formula  employed  for 
computing,  from  the  recoil,  the  velocity  of  shot  at  the  instant  of 
leaving  the  gun-pendulum  was  (V  representing  that  velocity) 

2sin.-J-eWGV7/-.fcN 


V  = 


R* 

wt-r'+\c'V 

r" 


in  which  W  is  the  weight  of  the  gun-pendulum,  including  that 
of  the  shot,  and  w'  that  of  the  ball  and  wad. 

G  is  the  distance  from  the  axis  of  suspension  to  the  centre  of 
gravity  of  the  pendulum. 

I  is  the  distance  from  the  same  axis  to  the  centre  of  oscil- 
lation, and  r  the  distance  from  that  axis  to  the  axis  of  the  gun. 

c  is  the  weight  of  the  charge,  and  c'  that  of  the  bag. 

0  is  the  angular  extent  of  the  vibration  from  the  vertical 
position. 

E  the  radius  of  the  bore,  r  that  of  the  shot,  and  g  the  force  of 
gravity. 

N  represents  the  velocity  communicated  to  the  pendulum  by 
a  unit  of  the  charge.  (In  the  United  States'  experiments  it  is 
estimated  at  1600  feet). 

When  the  centre  of  oscUlation  is  in  the  axis  of  the  gun,  we 
we  have  t  =  l;  in  which  case 


V  = 


2WG8ini0^?.-.cN 


R* 

f   .    I    I 


68.  The  force  of  fired  gunpowder  is,  however,  still  very  im- 
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perfectly  known ;  and  the  remits  of  csperiraenta  wiUi  th«  ga» 
pendulum  ue  very  fieqaently  St  nrianoe  with  those  obtuinedfl 
from  the  baUistio  pendulum.    By  Fi-cuL-h  artiUdrislA  tlie  initiaLl 
Telocity  of  «  shot,  the  axis  of  the  bore  being  1 
been  exiaeaaed  by  a  fonnnU,  vliicb^  when  redaeed,  • 
required  Telocity  ahall  be  giren  in  feet  par  noon^  !■ 


.»o(w.J.)».[^>  +  e)]*. 


The  meanrea  of  length  in  this  formnl*  ate  in  fes^ 
logarithmB  are  those  <^the  common  Und,  ('  Axnoont 
ments  carried  on  at  GaTre,*  chap^  xix.  bso.  7.)    It  m 

seFTed,  however,  that  ihe  results  obtained  fiom.tlui 

in  general,  less  than  those  given  by  experiments  nudB  in  Bs^ 

land  with  the  ballistic  pendulum. 

69.  The  experiments  of  Sir  Benjamin  Thompaon  (Ooait 
Ilumford)  have  fully  proved  that  the  ignitum  of  giaxgemdm 
does  not  take  place  instantaneoosly,  and  that  tiie  iriula  of  ft* 
charge  in  a  gun  is  noTer  in  a  state  of  inflammatini  wiflda  ft* 
bore,  thongh  it  ia  presomed  that  8  ounces  may  1>e  all  ignit 
in  3^  of  a  second.  Further  experiments  hsTe  also  eliown  thot^' 
for  every  nature  of  gun,  there  is  a  certain  charge  which  produces 
a  maximum  of  initial  Telocity,  eo  that  if  a  greater  quantity  were 
employed  the  Telocity  woold  be  less ;  the  reason  is,  that,  besides 
the  greater  quantity  of  powder  whioh  is  thrown  out  of  the  g^un 
unfired,  the  powder  which  ia  actually  ignited  takes  effect  on  tho 
shot  duiii^  a  shorter  time  than  it  wonld,  i^  from  a  smaller 
quantity  of  powder  being  employed,  the  motion  of  the  ehot  in. 
the  bore  were  less  rapid.  The  charge  of  powder  which 
render  the  initial  velocity  a  maximum  may  he  found,  mathe* 
matically  speaking,  by  differentiating  the  second  mcmbur  of 
equation  for  V,  in  Art,  64,  considering  >,'  (the  length  of 
charge)  as  variable,  omitting  the  two  last  terms  within 
brackets  \'  —  \  as  very  small,  and  making  the  rc-ciiilt  equal 
zeru.    There  is  thus  obtained 

com  log  rr  =  Modulus  of  com  1 

that  is,  the  length  of  the  charge  producing  (he  maximnDi 
velocity,  with  the  same  guu,  is  equal  to  about  one-third  of  the 
li-iigth  of  the  bore. 
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The  chai^  which  produces  a  maximum  velocity  is,  therefore, 
greater  as  the  gun  is  longer,  but  the  increase  is  found  to  be  not 
in  so  high  a  proportion  as  that  of  the  length  of  the  gun 
(Hutton'a  '  Tracts,'  vol.  iii.  p.  78) ;  and  Dr.  Hntton's  experiments 
have  shown  that,  on  account  of  the  rapid  diminution  of  high 
velocities  by  the  resistance  of  the  air,  there  is  little  advantage 
in  point  of  extent  of  range  by  IncrcaBlng  the  chaise  beyond 
what  is  necessary  to  communicate  a  certain  velocity  to  the  ball." 

70,  The  force  exerted  by  fired  gunpowder  on  a  shot  varies 
with  the  square  of  the  velocity  of  the  fluid,  that  is,  of  the  ball, 
which  it  impels ;  and  that  force  being  also  proportional  to  the 
quantity  of  fluid  acting  at  once  on  the  ball,  it  follows  that  the 
square  of  the  ball's  velocity,  in  the  gun,  varies  with  the  quantity 
of  fluid  acting  on  the  ball,  that  is,  with  the  square  of  its 
diameter ;  and  from  this  law  it  may  be  proved  that  the  decre- 
ments of  the  initial  velocity  of  sliot  in  consequence  of  windi^e 
are  nearly  proportional  to  the  differences  of  the  diameters  of  the 
shot  in  the  same  gun.  From  thence  may  be  obtained  the 
equation 

expressing  the  velocity  which  a  shot  would  have  if  the  windage 
were  zero.  Here  V  denotes  such  velocity ;  D  the  diameter  of 
the  bore  of  the  gun,  or  of  a  shot  wliich  would  occupy  the  bore 
without  windage ;  d,  tf ,  D'  the  diameters  of  different  balls,  and 
V,  t^,  V  their  velocities  on  being  projected  from  the  same  gun. 

71.  The  charge  being  supposed  to  have  a  cylindrical  form, 

•  Major  Murdecai,  of  the  Uuited  States'  artillery,  ststes  that  an  addition  of 
nine  calibres  to  a  grin  of  sixteen  calihres'  length  sjits  only  one-twell'th  to  the 
velocity  of  a  12-lb,  ball,  when  fired  with  a  chai^  of  2  lba.,and  one-eigiileenth 
wheu  fired  with  a  chai^  of  i  lbs.  It  is  observed  also  that,  by  increasing  the 
charge  beyond  one-third  of  the  weight  of  the  boll,  the  recoil  is  Increased  in  a 
much  higher  ratio  than  the  initial  velocity  of  the  ball.  It  may  bo  added, 
that  for  every  [lurpose  ou  service,  even  for  that  of  breaching,  tlie  advantage 
gained  by  using  a  charge  greater  than  one-third  of  the  weight  of  tiie  shot  is 
iinioiportant,  and  does  not  compensate  fur  the  inconvenient  recoil,  or  the 
destructive  strain  on  the  giin  and  carriage.  The  initial  velocity  of  Bhol  from 
6-|;<mndeT  and  12-i«Tinder  guns,  with  chargesof  IJlb.  and  2i  lbs.  respectively, 
is  about  1450  feet ;  and  this  is  considered  quite  sufficient  for  field  service. 
ITie  initial  velocity  of  canister  and  spherical  case-ahot,  fired  from  fleld- 
bowitzers  with  the  service-charge,  is  about  1000  feet;  and  that  of  shells  from 
howitzers  is  about  1175  feet. 


I 
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and  the  densi^  of  the  powder  being  ccwwImiV  It  ftillnMa  that  ] 
(Arts.  64,  66)  variea  with  the  wei^  of  the  dmxgB  ;  fcnwnn  A 
foimula  for  V,  Art  66,  indicates  that  the  initial  iiiiiiiJlim  t 
shot  Tary,  neariy,  as  the  sqoate  root  (tf  the  wdg^  tj£  tt^  d^m 
directly,  and  as  the  sqnare  root  of  ibo  veig^  nt 
invenelj.  These  laws  have  been  conflnned  hy  ths  ' 
experiments,*  and  M.  Fiobeit  has  propoaed,  for  ths 
determiiiing  the  initial  velodtf  of  shot,  wbok  its 
of  the  charge  are  given,  the  empirical 

in  which  v  repzeaents  the  experimented  initial  Telocity  of  a  sbot 
whose  weight  is  &,  and  Y  is  the  required  initial  Telocity  of  a 
shot  whose  weight  is  w' ;  the  weight  c  of  the  ohai;^  beii^  the 
same  for  bodi. 

Major  Moidecai,  of  the  United  States'  artilleiy,  has  found 
that  the  rule  agrees  nearly  with  his  experiments  w)it;n  the 
charges  do  not  exceed  one-third  of  the  weight  of  tiio  ball,  and 
the  gun  has  not  less  than  sixteen  calibres  in  length ;  for  liigber 
charges  he  does  not  consider  it  sufficiently  correL-t      If  the 

V 

be  represented  by  m,  he  finds  that,  with  a 


factor 


^i»s-(»  +  t) 


32-pounder  gun,  the  duu^  being  one-third  of  the  weight  of  the 
shot,  and  the  windage  .16  inch,  in=:5200 ;  with  a  24-pounder, 
the  charge  being  one-third  and  the  windage  .14  inch,  »i^5400. 
In  the  British  artillery  service,  use  is  frequently  nmde  of  the 
em])irical  formula — 


pww. 


■  In  the  c:ip«rinieiitB  made  at  Washinglon  with  the  gim  and  linllistic  ^ 
(luluma  combined  for  the  piirixwe  of  ascertaiDing.the  iuitjal  veiocitiea  prodi 
liy  equal  charges  of  w>wder  in  the  same  piece  of  ocdiiancc  on  balls  ordifliB,__. 
wcigbia,  it  was  fouud  tlial,  wilh  a  24-poundtr  smn  and  a  charge  tjf  4  ihmTt^ 
powder,  the  windage  being  .175  inch,  the  initial  velocity  of  a  shell  flUcd 
wilh  leail  and  weif-hing  27.08  lbs.  wna  132.')  feet ;  of  a  ninrblc  ball  weighing 
a.29  11m..  was  2154  feet ;  and  of  a  lignum  vitffi  ball  weighing  4.48  lb8.,^M5 
2759  feet.  The  two  first  of  tliese  velocities  are,  in  accordance  with  Qi^ 
fonnula,  nearly  in  the  invcrso  ratio  of  the  square  roots  of  the  weights  of  fftt 
shot  ;  but  (he  two  last  are  nearly  as  the  cube  roota  of  the  weights  inversely. 
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V  d' 


V  =  1600 

V     to 

in  which  c  is  the  weight  of  the  charge,  and  w'  that  of  the  shot ; 
a  is  a  coefficient  to  be  determined  by  experiments.  Those  of 
Dr.  Hutton  indicate  that  a  varies  between  2.1  and  2.5  as  the 
length  of  the  gun,  and  also  as  the  ratio  of  the  weight  of  the 
charge  to  that  of  the  shot  mcreases.  The  experiments  of 
Genial  MiUar,  in  1817,  show  that,  with  a  windage  equal  to 
.202  inch,  the  value  of  a  should  be  2.8,  and  that  on  reducing 
the  windage  to  .075  inch  it  should  be  3.55.  On  computing 
the  initial  velocities  of  the  shot  from  the  ranges  obtained  in 
the  experiments  made  at  Deal  in  1839,  and  also  from  those 
of  the  practice  on  board  the  "Excellent"  fix)m  1837  to 
1847,  the  mean  values  of  a  for  different  windages  were  as 
follow : — 

Windages.  Values  of  a. 

.233  in 3.2 

.2  3.4 

.176  3.6 

.125  4.4 

.09  5. 

From  these,  by  means  of  the  formula  for  V,  Art.  70,  it  is  found 
that  wh^  the  windage  is  zero,  a=6.66 ;  and  it  may  be  observed 
that  the  numbers  in  this  table  are  nearly  conformable  to  the 
law  of  the  decrements  of  velocity,  as  stated  in  that  article. 

For  carronades,  in  which  the  windage  varied  from  .061  to 
.078,  the  mean  value  of  a  was  4.5. 

72.  Gunpowder  when  ignited  expands  with  equal  forces  in 
every  direction,  and  consequently  it  acts  equally  upon  the 
bottom  of  the  bore  and  upon  the  ball  during  the  passage  of  the 
latter  along  the  cylinder,  supposing  it  to  fit  tightly.  Hence, 
neglecting  the  allowance  which  should  be  made  for  the  frictions 
of  the  ball  and  of  the  gun-carriage,  the  velocity  of  the  recoil 
will  be,  to  that  of  the  shot,  inversely  as  the  weight  of  the  gun 
to  that  of  the  shot :  that  is,  if  V  represent  the  initial  velocity, 
in  feet,  of  the  shot,  w  the  weight  of  the  shot,  and  W  the  weight 
of  the  gun  with  its  carriage,  the  velocity  of  the  recoil,  in  feet 

per  second,  wiU  be  expressed  by  ^. 
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Thus,  BQpponng  the  initul  velocity  of  a  24  lb.  mhot 
ICOO  feetperflec(md,Biidthe  weight  of  the  gim  witli  ib«  ci 
to  be  57.7  owt  or  6432  Iba.,  we  Bhall  have  5.9  fet>t  per 
for  the  TtJocity  of  recmL 

73.  In  eontcmplftting  the  nature  of  the  resrinD<<c  to  the  flight 
of  shot  or  ihellB  H  mtut  be  remaiked  that,  in  the  motion  of  a 
body  thnragh  the  air,  no  particle  of  that  fluid  can  Im  disturbo^ 
without  moring  others  to  a  oonsideiable  diriancii  alxiut  it,  whi 
the  displaced  particles  take  time  to  fall  batik  into  the 
which  the;  belbre  decided.    As  the  moving  body  paaaefl 
there  is  left  behind  it  a  kind  of  vacaam  more  or  Iras  conipli 
according  to  the  degree  of  the  body's  velodty ;  and  when  th>!| 
ball  moves  qnickei  than  the  air  can  nuh  into  tha  apace  left 
behind,  the  vacanm  becomes  perfect    Now  tlioro  is  u  certiun 
limit  to  the  velocity  with  which  air  can  msh  into  a  vacaam, 
viz.,  aboat  1300  or  1400  feet  in  a  second,'  and,  conaeqnently; 
when  the  velocity  of  a  ball  is  greater  than  this,  it  is  mai 
that  the  reflistance  will  be  very  great;  for  thero  b<?ing  tlipn 
pressore  of  the  fluid  behind  the  ball,  while  that  wliieh  ia  in  it 
front  is  in  a  state  of ' condensation  from  the  partii'I^s  there  n< 
being  able  immediately  to  escape,  the  ball  will  he  reeiisted  bf] 
the  whole  pressore  of  the  condensed  air  on  its  tore  jtart 

74.  The  resistance,  besides  depending  on  the  vulocity, 
meter,  and  the  weight  of  the  projectile,  is  affei-ted  by  bo  mi 
circumstances  which  cannot  be  duly  estimated,  that  experiment 
alone  can  determine  it,  and  this  only  to  a  certain  extent  If 
shot  could  be  discha^ed  bo  accurately  as  to  hit  a  ballistic  pen- 
dulum at  oonaiderable  distaocea,  the  loss  of  velocity  occasiooed 
by  resistance  might  be  easily  found ;  but  such  a  degree  of  ac* 
curacy  cannot  be  obtained,  and  the  ballistic  experiiut'Dts  have 
hitherto  only  furnished  us  with  these  results  at  diflereut  dis- 
tances as  &r  as  300  feet  beyond  which  shot  cannnt  be  directed 
with  8u£Bcient  accuracy  to  hit  the  block.  _ 

75.  The  method  of  determining  the  resiBtanoc  of  the  air  Iflfl 
the  ballistic  pendulum  did  not  it  was  found,  atiswir  with  velt^' 
cities  under  300  feet  in  a  second,  ou  account  of  the  balls  re^    1 


'  ]  3G6  feet,  when  tbc  barometer  stands  at  30  JDchcs. — Roe  niilton's  '  Ttmnb.' 
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bounding  jQ-om  the  block  instead  of  entering  into  it.  To  ascer- 
tain the  resistances  to  smaller  velocities,  Mr.  Robins  had  recourse 
to  experiments  with  his  whirling  machine  (Fig.  4,  PI.  I.).  This 
ingenious  contrivance  consists  of  a  brass  barrel,  D  C,  moveable 
on  its  axis,  and  furnished  with  friction-wheels  so  as  to  reduce 
the  friction  to  an  inconsiderable  quantity.  A  light,  hqllow 
cone,  A  F  G,  is  placed  upon  the  barrel,  with  the  vertex  A  in 
the  termination  of  the  axis ;  a  fine  wire,  A  H,  supports  the  arm, 
G  H,  upon  which  the  body,  whose  resistance  is  to  be  tried,  is 
fixed.  A  silk  line  is  wound  upon  the  barrel,  and  thence  leads, 
in  a  horizontal  direction,  to  the  pulley  L,  over  which  it  is  passed, 
and  a  proper  weight  M  hung  to  its  extremity.  If  the  weight 
M  be  left  at  liberty,  it  will  descend  with  accelerated  motion, 
causing  the  hoij  P  to  revolve  with  increasing  velocity,  until  the 
resistance  on  the  arm  G  H,  and  on  the  body  P,  become  nearly 
equal  to  the  weight  M,  when  the  motion  of  both  will  be  nearly 
equabla  Thus,  when  the  machine  has  acquired  an  equable 
motion,  which  it  usually  does  in  five  or  six  turns,  ascertain  first, 
by  counting  a  number  of  turns,  in  what  time  one  revolution  is 
performed.  Then  remove  the  body  P  and  the  weight  M,  and 
find,  by  trials,  what  smaller  weight  will  cause  the  arm  G  H  to 
revolve  in  the  same  time  as  when  P  was  fixed  to  it ;  and  the 
difference  of  the  two  weights  is,  obviously,  equal,  in  effort,  to 
the  resistance  of  the  air  on  the  revolving  body.  Reducing  this 
weight  in  the  ratio  of  the  length  of  the  arm  to  the  semidiameter 
of  the  barrel,  we  shall  have  the  absolute  quantity  of  resistance. 

76.  With  this  machine,  Mr.  Robins  ascertained  that  the  resist- 
ance of  the  air  to  a  12  lb.  iron  ball,  moving  with  a  velocity  of 
25  feet  in  a  second,  is  not  less  than  half  an  ounce  avoirdupois ; 
and  that  the  resistance  of  the  air,  within  certain  limits,  is  nearly 
in  the  duplicate  proportion  of  the  velocity  of  the  resisted  body, 
that  is,  as  the  square  of  the  velocity. 

A  light,  hollow  globe,  the  size  of  a  12  lb.  shot,  was  fixed  at 
the  end  of  the  arm,  and  a  weight  of  SJ  lb.  hung  at  M.  Ten 
revolutions  being  first  made,  the  succeeding  twenty  were  per- 
formed in  21  J".  The  globe  w&a  then  removed,  and  a  thin  plate 
of  lead,  equal  in  weight  to  the  globe,  placed  in  its  room ;  when 
it  W8U3  found  that  a  weight  of  1  lb.  caused  the  arm  to  move 
quicker  than  before,  making  twenty  revolutions  in  19",  after  ten 

E 
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tnms  had  been  Kiflbrect  to  elapie.    Now  twenty  revolntioiu  i 
21^  seoondi,  the  imditu  of  rerolDtian  iKting  51.75  in<jkee,  |^ 
velocity  of  26^  inohet  in  a  aeoood ;  whence  it  b  evident  I 
the  renttaooe  on  the  gbbe  is  not  lees  than  tho  cfibct  of  2^  I 
placed  at  H ;  and,  the  radiiu  oS  tho  Iwrrel  boiug,  ooarly, 
part  of  the  tadiu  of  the  drde  dewnlH-d  by  the  rantre  of  t 
globe,  it  fidlowe  that  the  reditanDe  of  the  globe  ib  not  lem  thadl 
^  part  of  ^  lb.  or  ^  of  36  oi.,  which  in  nc^urly  J  of  no  oaiice. 

In  a  Moond  experiment,  weights  in  tlnn  ]iroportiaii  of  I,  4,  9,1 
16,  were  hung  on  at  M ;  and,  lAer  ten  revolutions,  the  fullowing  I 
obsemttions  were  made : — 

WIth)lb.fttH,thegIoba  toiiMd  20  timM  in  Mi~. 

Tlwt  b  10  tiniM  in  Z7i". 

WfOk  2  lb.,  it  tonted       ..      ..     L'O  timca  in  £7)". 

With  H  lb.      SO  times  in  27}". 

■With  8  lb.        40  tiniM  in  87|". 

Thus  it  appears  that  the  revolntious  in  the  proportions  1,  %. 
3,  4,  oonespond  to  reaistaooeB  in  the  praportions  1,  4,  9,  19, 
which  shows  that  the  reostances  B.rD  as  tiie  squares  of  tb» 
velocitiea.  ■ 

77.  From  this  machine,  and  fiom  tlie  ballistic  pendulum,  tim' 
following  osefiil  results  have  been  obtjiiiii^il : — 

1.  When  the  motions  are  alow,  the  rL^sistanco  to  balls  uf  eqiu^t 
magnitude  and  weight  is  nearly  proportional  to  the  square  gTi 
the  velocity,  oonformably  to  the  elemoulary  theory  of  resistana^ 
in  fluids;  for,  in  this,  it  ia  assumed  (the  balls  having  eguw 
diameters  and  denstties  or  weights)  that  the  resistance  depeodl^ 
on  the  number  tt  fluid  partidee  displaced  by  the  moving  bodr 
in  a  given  time,  and  on  the  reaction  of  each  particle  against  the 
body,  both  of  which  effects  vary  witli  tlie  velocity  of  the  body. 
But  the  exponent  of  the  power  of  the  velocity  expressing  *ljhri 
resistance  gradually  increases  as  the  velocity  iucreases;  aas] 
when  the  E^ot  moves  at  the  rate  of  1400  or  1500  feet  per  second, 
that  exponent  attains  a  maximum,  being  ihon  2.125;  beyond 
such  velocity  its  exponent  decreases. 

2iid.  If  balls  have  equal  weights,  but  different  diaineters,  and^ 
move  witix  equal  velocities,  the  resistJince  vajii;^  ut-'orly  witii  tfcr*^ 
surfaces  or  with  the  squares  of  the  diameters,  increasing  a  Ijt 
above  that  proportion  when   the  diameters   are   considemdib 
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Hence,  if  the  velocities  also  are  different,  the  resistance  is  pro- 
portional to  the  surface  and  to  the  square  of  the  velocity ;  or, 
r  repreaenting  the  semidiameter  of  the  shot,  and  v  the  velocity, 
the  resistance  varies  with  ^  v*. 

3rd.  If  balls  have  equal  diameters  and  different  weights  or 
densities,  the  resistances  vary  directly  as  the  squares  of  the 
velocities,  and  inversely  as  the  weights ;  or,  w  representing  the 

4th.  Projectiles  terminating  with  conical  or  conoidal  heads  in 
front  experience  less  resistance  than  bodies  with  flat  or  with 
hemispherical  ends,  the  diameter?  being  equal. 

5th.  The  resistances  experienced  by  bo^es,  in  moving  through 
fluids,  are  considerably  affected  by  the  forms  of  the  posterior 
surfaces  of  bodies ;  and  much  useful  information  on  this  subject 
is  contained  in  the  '  Nautical  and  Hydraulic  Experiments '  of 
Colonel  Beaufoy,  London,  1834. 

78.  When  a  body  descends  in  air  from  a  state  of  rest,  its 
velocity  increases  for  a  time  by  the  action  of  gravity  on  it; 
but,  since  the  resistance  of  the  air  increases  also  while  the 
velocity  increases,  it  must  at  length  become  equal  to  the  accele- 
rative  power  of  gravity,  which  is  constant ;  after  which,  the  body 
will  move  uniformly  with  the  velocity  acquired  at  that  time- 
This  is  called  the  terminal  velocity  of  the  body.*    Making  there- 

fore,  for  a  solid  shot,  the  expression  -~u«  (Art  62)  equal  to  flr, 

the  force  of  gravity  (=  32.2  feet),  we  have 

r'^  g 
IT 

V  (the  terminal  velocity)  =  ^/ -7~;     ...     (a) 
and  from  either  of  these  equations  we  have 

It  being  supposed  that  the  value  of  k  is  known,  we  have  a 
formula  for  computing  the  terminal  velocity,  and  conversely, 

'  In  strictness,  a  terminal  velocity  is  never  exactly  attained ;  biit,  in  a  short 
time  from  the  commencement  of  the  descent,  the  body  acquires  a  velocity 
which  is  extremely  near  being  imiform. 

E   2 


t?'  =  -rrr,    Or 
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if  the  terminal  velocity  were  known,  the  value  of  k  might  be 
found.* 

79.  It  has  been  observed  (Art  62)  that  the  formula  for  the 
absolute  resistance  of  the  air  against  a  spherical  body  moving 
in  it  is  represented  by  r*w  J  t;*i';  the  resistance  is,  therefore, 
directly  proportional  to  the  square  of  the  diameter  of  the  shot 
and  to  the  square  of  the  velocity.  Hence  the  resistance  which 
would  be  experienced  by  a  shot  of  any  magnitude,  and  moving 
with  any  given  velocity,  may  be  found  by  proportion,  if  the 
resistance  actually  experienced  by  a  ball  of  given  dimensions, 
and  moving  with  a  given  velocity,  be  considered  as  known. 
Now,  from  experiments  both  with  the  ballistic  pendulum  and 
the  whirling  machine.  Dr.  Hutton  formed  a  table  (Tract  xxxvii. 
Art.  17)  of  the  resistances  experienced  by  a  ball  2  inches  in 
diameter,  moving  with  different  velocities  fi^m  5  feet  to  2000 
feet  per  second.  Therefore,  the  actual  resistance  experienced 
by  such  ball,  when  moving  at  the  rate  of  1000  feet  per  second, 
for  example,  being  22.63  lbs.,  if  it  were  required  to  find  the 
resistance  experienced  by  a  24  lb.  ball,  whose  diameter  is  5.6 
inches,  when  moving  with  a  velocity  of  1600  feet  per  second, 
the  proportion  to  be  used  would  be 

(2xl000)«  :  (5-6xl600)«  ;:   22-63  :  a:; 

the  last  term  x  expressing  the  required  resistance  in  pounds. 

If  the  given  velocity  is  one  which  may  be  found  in  Dr. 
Button's  table,  the  resistances  will  be  proportional  to  the 
squares  of  the  diameters  merely.  No  notice  is  here  taken  of 
the  continual  diminution  of  density  which  takes  place  in  the 
atmosphere  from  the  surface  of  the  earth  upwards ;  but  when 
bodies  fall  from  great  heights,  also  when  they  are  projected 


•  Since,  by  Dynamics,  —  expresses  the  height  due  to  the  velocity  v,  it 

follows  that   r^  is  the  height  due  to  the  terminal  velocity  of  a  shot. 

The  weight  of  a  solid  shot  in  the  British  service  being,  to  that  of  a  shell, 
as  1*42  to  1 ;  the  terminal  velocity  of  a  shell  will  be  expressed  by  the  second 
member  of  the  equation, 

^     •      .  •^  .        .        (6) 


.42fcJ  '      • 

r  V 
and  the  height  due  to  the  terminal  velocity  of  a  shell  by  . 
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vertically  or  at  considerable  angles  of  elevation,  it'  becomes 
necessary  to  attend  to  that  circumstance. 

80.  It  is  proved  by  writers  on  pneumatics  that  the  densities 
of  atmospherical  strata,  of  equal  and  indefinitely  small  thick- 
nesses, reckoning  from  any  point  down  towards  the  earth,  form 
an  increasing  geometrical  series  of  terms,  while  the  depths  of 
the  strata,  from  the  same  point  downwards,  constitute  an 
increasing  arithmetical  series ;  and  Dr.  Hutton  has  shown  by  an 
approximative  process  (Tract  xxxvii.  Art.  60)  that  the  density 
of  the  air  at  any  distance  x,  in  feet,  from  the  surface  of  the 

earth  upwards,  may  be  represented  by  -rj-,  in  which  c  =  55000 

nearly. 

81.  From  the  formulae  which  have  been  given  above  (Art  78), 
it  is  evident  that  the  terminal  velocity  of  a  body  descending  in 
a  resisting  medium  may  be  computed  when  the  value  of  a 
certain  constant  k  is  known :  but,  as  the  terminal  velocity  of  a 
shot  takes  place  when  the  absolute  f^sistance  which  it  expe- 
riences in  the  medium  is  equal  to  the  weight  of  the  shot,  it 
follows  that  the  terminal  velocity  of  a  shot  may  be  found  from 
the  table  of  resistances  given  by  Dr.  Hutton  (Tract  xxxvii. 
Art.  17).  For,  assuming  that  the  resistances  are  as  the  squares 
of  the  velocities,  if  we  select  from  the  table  a  resistance,  0.71  lb., 
which  differs  but  little  from  the  weight  17.477  oz.  (=  1.092  lb.) 
of  the  shot  on  which  the  table  is  formed,  and  take  out  the 
corrresponding  velocity ;  the  terminal  velocity  of  the  same  shot 
may  be  found  by  proportion,  thus : — 

.71  :  1.092   ::  200«  : -61504, 

ft 

and  the  square  root  of  the  last  term  (=  248)  is  the  terminal 
velocity  of  the  shot. 

But,  from  the  formula  (a)  Art  78,  other  things  being  equal, 
the  terminal  velocities  vary  with  the  square  roots  of  the 
diameters  of  the  shot ;  therefore,  if  it  were  required  to  find  the 
terminal  velocity  of  any  other  shot,  another  proportion  must  be 
made:  thus  if,  for  example,  it  were  required  to  find  the  terminal 
velocity  of  a  24  lb.  shot  whose  diameter  is  5.612  inches,  that  of 
the  above  shot  being  2  inches,  we  have 

V2  :  V5.612   ::   248:  415.43; 
and  415.43  is  the  terminal  velocity  of  the  24  lb.  ball. 
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Tho  lioight  lino  to  tlio  terminal  velocity  may  be  found  by  the 

usual  formula  A=r  ,t-  :  au<l,  in  this  manner,  Dr.  Hutton's  table 

^9 

(Tract  XXXVII.,  Art.  09)  was  formcHl. 

Tho  terminal  vel<x*ity  of  a  shell  is  easily  derived  from  that  of 
a  solid  shot  of  equal  diameter ;  and  for  this  purpose,  agreeably 
to  tlie  formula  (A)  Art.  78,  Note  a,  \\  r)2,  it  is  only  necessary  to 
divide  the  terminal  velooity  of  the  shot  by  »J  1.42;  or,  which 
is  equivalent,  multiply  it  by  O.S.*W2.* 

S'J.  Tlie  subject  of  the  penetration  of  shot  into  materials 
is  one  of  considerable  imi>ortanee  in  the  theory  of  gunnery ; 
and 

is  a  formula  expressing  the  depth  to  which  shot^  on  striking 
with  a  given  velocity,  will  penetrate  into  an  object  whose 
resisting  force  is  supposed  to  bo  known.  In  this  formula  (the 
measures  of  length  being  expresse<l  in  feet) 

p  rpprescnts  the  depth  iwiotratt'd  ; 

r  tlie  velocity  of  the  Hhot  at  the  instant  of  striking  (in  fi'ct  pvr  acoond)  ; 

r  the  semiiliamc'tcr,  ami 

fi  the  density  of  the  shot ;  also 

tj  (=32.2  feet)  denotes  the  force  of  j:;ra\  ity. 


"  Tlio  cclehrated  Camot,  in  his  i>ro|X)sition  for  defendinj;;  ploccB  liy  mcani 
of  vertical  fire,  has  entirely  overlooke*!  the  elVcet  of  the  n«sistance  of  the  air  in 
])n)<h\cin;;;  the  tenninal  velocities  of  fallin;^  iKnlies;  and  the  author,  in  his 
*()liservations'  on  CamotV  work,  has  endeavoured  to  exiM^so  the  fallacy  of  a 
system  erroneous  in  principle  :  any  application  of  whicli  inU8t,  for  other 
reasr)ns  alsii,  Ix?  either  enormously  exiK-nsive  or  extremely  insecun*. 

Tlu*  wall  which  that  engineer  ])rn]K>siil  to  he  huilt  in  the  main  ditch  of  a 
fortress,  at  the  foot  of  t lie  rami)art,  hc'uvs,  covered  hy  a  count er;;uanl,  wonld 
no  (l<»ul)t  form  a  serious  t)listacle  to  the  hesie^'JTs,  supjiosinj;  it  to  be  entire  at 
the  time  of  an  assault  :  hut  the  autlior  enrly  fon-siiw  tliat  this  would  not  ho 
the  case;  and  it  was  in  conso<[uence  ot'his  repn'seu  tat  ions  that  His  Grace  the 
Duke  of  \Vellinf:t(»n,  when  M;ister-(Jencral  of  the  Ordnance,  causc<l  a  trial  to 
he  made  in  order  to  determine  wliether  or  not  it  was  |K»ssiMe  to  hreach  the 
wall  hy  a  tire  of  hc:ivy  ordnance  directed  over  the  coveriuLj-work.  For  this 
I'MrjHisc,  in  1H*23,  a  construction  simil-tr  tt)  that  proj^-sed  hy  Camot  waa 
c\<cu1<m1  at  Woolwich  ;  and  in  the  lolKiwiu;:  y«ar,  alter  six  h<»urs'  firing  of 
solid  sln)t  from  eiLiht  OS-poimder  carnaiades,  jhhI  live  shells  iVom  three  8-inch 
and  tliri'C  10-incli  howitzers,  at  the  distances  of  4(m)  and  r»(M)  yards,  a  prac- 
tii.ihlr  hreach  11  feet  wid«'  was  etVected  in  thr  wall  ;  tlie  tops  of  the  coiinter- 
•:ii:nd  and  of  tin-  work  in  n  ar  wen-  also  entin;ly  ile;.:ra<led  l)y  tiie  shot  wliich 
•«tiM<k-  th«'in. 
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if  the  above  formula  be  pujb  in   the  form  p  =  ^  p  J^>  the 

specific  gravity  («)  of  the  shot  may  be  substituted  for  Ig.  The 
value  of  R  must  be  determined  by  experiment.  When  the 
resisting  material  is  the  same, 

f  V    s 

pocrii"^;  or  pec .         .         •         (a) 

9 

also,  when  shot  of  the  same  density  is  used,  and  the  resisting 
material  is  the  same, 

p  ccri^; (6) 

or,  in  the  last  case,  the  depth  penetrated  varies  with  the 
diameter  of  the  shot  and  with  the  square  of  the  velocity  at  the 
instant  of  striking. 

From  the  hypothesis  of  M.  Poncelet,  that  the  resistance  of  a 
material  struck  by  a  shot  is  proportional  to  the  square  of  the 
diameter  of  the  proiectile,  and  from  a  comparison  with  the 
xesulte  of  e^rim;ni  it  haa  been  found  ('E^^riences  d'Arta- 
lerie  executees  k  Gavre,'  chap.  21,  sect  3)  that  the  depth  of 
penetration  into  oak  may  be  expressed  by  a  formula  which, 
when  transformed  so  that  the  penetration  shall  be  obtained  in 
English  feet,  is 

4.612raiog.{l+.^^},    .         .      \c) 

V  being,  in  feet  per  second,  the  velocity  of  the  shot  at  the 
time  of  impact,  r  the  semidiamet^  of  the  shot  in  decimals  of  a 
foot,  and  5  the  specific  gravity  of  the  shot,  that  of  water  being 
unity." 

83.  The  differential  equations  for  the  determination,  of  the 
trajectory  of  a  shot,  in  •  a  medium  which  produces  a  resistance 
proportional  to  the  square  of  th^  velocity,  may  be  seen  in  the 


'  The  volume  of  the  space  penetrated  by  a  shot  in  any  material  is  frequently 
represented  by  the  vis  viva,  or  active  force  of  the  shot  in  motion ;  in  which 
case  it  is  proportional  to  the  product  of  the  mass  of  the  shot  multiplied  by  the 
square  of  its  velocity.  That  is,  w'  representing  the  weight  of  the  shot,  v  its 
velocity,  and  g  (  =  32.2)  the  force  of  gravity,  the  volume  of  penetration  varies 

tc' 
with  — «*;  or,  r  being  the  semidiameter,  and  5  the  density  (for  which  may  be 

y 
substituted  the  specific  gravity)  of  the  shot,  it  varies  with  r*  v^  b. 

The  co-efiScient  in  the  formula  (c)  in  the  text  is  conformable  to  the  recent 
experiments  indicated  in  the  *  Aide  M^moire  d'Artillerie  Navale,'  Paris,  1850. 
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'Journal  do  rEoolo  rolytcclmiquo/  torn,  iv.,  art  BcHistique;  in 
Toissoirs  'Traitti  de  llci^aniiiue,*  torn.  i.  no.  211,  and  in  many 
ntluT  treatises  on  Dynamics;  they  are  not  capable  of  being 
int  edited  in  finite  terms,  but  the  values  of  the  co-ordiiiateB» 
ior  a  number  of  points  in  the  curve,  may  be  determined  by 
tlio  niothod  of  quadratures,  as  it  is  called,  in  which  the  diffei^ 
on(*rs  in  the  density  of  the  atmosphere  at  different  heights  may 
IxMiitroduced,  and  thus  the  curve  maybe  approximatiyely  traced. 
An  oxamplo  is  given  in  IjC  Goudre's  '  Exercises  de  Calcul  Inte- 
l^ral,'  toni.  i.  p.  330. 

Wh(»n,  however,  the  elevation  of  tlie  piece  of  ordnance  is 
small  (not  exceeding  10  degrees),  the  equation  to  the  trajectoiy 
is  comparatively  simple ;  and  in  treatises  on  Dynamics  it  has  the 
form 

y==xXsaia --j-^ p-(c«"- 2ca?-  1), 

8  c"  A  cos"  a 

in  which  z  is  the  horizontal  and  y  the  vertical  ordinate  of  any 
point  in  the  curve,  the  origin  being  in  the  axis  of  the  bore  at 
the  muzzle  of  the  gun ;  a  is  the  angular  elevation  of  the  gun, 
h  the  height  due  to  the  initial  velocity  of  the  shot,  e{=z  2.71828) 

the  base  of  the  Napierian  logarithms,  and  c  is  put  for  -j-,  the 

co-efficient  of  the  square  of  the  velocity  in  the  expression  (Art 
02)  f(jr  the  retardativo  force  arising  £rom  tlie  resistance  of  the 
air,  or  (iVrt  78,  Note  a,  p.  52)  half  the  reciprocal  of  the  height 
due  to  the  terminal  velocity  of  the  shot. 

The  following  more  simple  expression  for  y,  which  ia  suffi- 
ciently accurate  for  small  elevations,  is  obtained  by  substituting 
for  ir"%  its  development  by  ]\raclaurin'8  theorem ;  extending  the 
sfrios  to  the  fourth  term  only,  since  <?  is  a  very  small  fraction, 
and  h  is  very  great  compared  with  x : — 

x^       /2  \ 

y=x  tan  a  -    .  .       ^ — (  ^'X-ifl  \ 

4c  h  cos*  a  \3  / 

or  y^x\£ir\a-^  —^ —[  ^'X-\-\  ); 

2V    cos   aV>  / 

V  r(^i)ros(3nting  the  initial  velocity, 

SI.  If  the  range  on  a  horizontal  plane  were  alone  required, 
it   iiiit^ht  be  obtained   from   either   of  the   above  formulap    on 
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putting,  for  y,  the  height  of  the  axis  of  the  gun,  at  the  muzzle, 
above  that  plane,  prefixing  to  it  a  negative  sign;  the  first 
equation  for  y  in  the  preceding  article  may  then  have  the 
form 

e'**  — 1  =  (8c*A8in«cosa+2c)a?+8c"Ayco8'a     .     .      (a) 

When  the  horizontal  plane  passes  through  the  axis  of  the 
gun  at  the  muzzle,  y  being  then  zero,  the  same  equation 
becomes 

e«*'-l=(8c«Asinacosa+2c)a:  .         .     (6) 

The  second  equation  for  y  (Art.  83)  gives,  in  the  same  case, 

3  J/32    ^   .  .  ,\i     .1  /  N 

a?  =  — ]( -q-cA  sin  a  cos  a+1  J   —  If  •         •     (c) 

For  the  'poird  blank  range,  when  a  =  0,  or  the  axis  of  the  gun  is 
horizontal,  y  being  the  height  of  the  gim  above  the  horizontal 
plane  on  which  the  shot  falls. 

The  equations  (a),  (J),  {d)  being  transcendental,  the  value  of  a:, 
or  the  required  range,  can  be  obtained  fix)m  either  of  them  only 
by  tentative  processes. 

85.  If  X  represent  the  whole  range,  when  consequently  y  =  0, 
we  have  from  the  second  equation  for  y  (Art.  83), 


'^^"r^J^"^"*""')' 


whence  h  (the  height  due  to  the  initial  velocity) 

2c^4.3£ 
6  sin  2  a 

or  V  (the  initial  velocity) 

Differentiating  the  same  equation  for  y,  we  have,  for  the 

tangent  of  the  inclination  of  the  trajectory  to  the  horizon  at  any 

point  in  the  curve, — 

dy  nsc^+x 

~  =  tan  a  - 


dx  2  k  cos* a 
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which,  (01  imttiiig  ten  «  in    tho  fomi    -„^    .  and   rati 

tutiDg  fiHT  nn  3  « ths  ahem  -value  (when  j/  =  0),  becomes 
tlie  faitheBt  eztieinitj  of  the  range,  9  represeDting  the  anglo 
descent, 

-'-'iimi  ■  -  ■  ^ 

From  tlie  expresiion  for  the  initial  velocity  dmre,  wo  tiavo 
a  VBin2o-.<)i 

"a        7T- — ■ 

and  fnnn  tiiia  ibnnnla,  l^  means  of  experimental  velocities  a 
ranges,  the  Tsloe  of  «  (the  co-efBciont  of  iLo  air's  resistance)  n 
be  found.' 

la  the  'Aide  BC^mcore  Navalu'  (p.  ■'>31)  there  im  given  c 
ezpreaBion  tox  y,  which  is  equivalent  to  the  sccood  and  ihiiA 
values  of  y  in  Art,  83,  and  differs  from  either  of  them  onlv  br 

the  aubstitatioQ  (4  a  constant  K,  for  -^ — ^ — ;  tliis  coti80(juenth> 

reetriots  the  application  'of  the  formula  to  the  aame  pioce  I 
ordnance,  vith  equal  shot  and  equal  charges.  Ilere  a  ia  si 
posed  to  represent  the  true  elevatJou  of  tho  trajectory  at  i 
mouth  of  the  gnn,  which  is  olwaj's  found  to  exceed  by  a  I 
minutee  the  elevation  of  the  axis  of  the  piece,* 

86.  The  time  t,  erf  deecribitig  any  portion  of  the  trajecUni 
reckoned  from  the  instant  of  the  discharge,  la  expressed  by  the 
equation 

and  when  for  x  is  substituted  thu  whole  ningc.  tlie  voliiu  of  Jl 
becomes  the  whole  time  of  ^ght. 

87.  The  longitudinal  and  lateral  deviations  of  projectila 


■  Tho  following  empirical  fonnulB  is  given  in 

^p.  535)  for  tiic  raogoB  of  shot  when  tlic  elevniiai 

P{idn3a)Ux. 
Wliorc  P  is  the  range,  when  tlie  elevation  if 
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the  object  aimed  at  are  presumed  to  depend  on  the  following 
causes,  independently,  it  must  be  tmderstood,  of  the  irregu- 
larities which  may  arise  from  the  friction  and  rebounding  of 
the  shot  against  the  surface  of  the  bore : — First,  the  inequality 
of  friction  exercised  on  opposite  sides  of  the  shot's  path  by  the 
air  which  it  passes  through ;  next,  the  want  of  exact  sphericity 
in  the  shot ;  and,  again,  the  want  of  perfect  homogeneity,  on 
which  account  the  centres  of  gravity  and  of  the  figure  are  not 
coincident.  To  these  may  be  added  the  diurnal  rotation  of  the 
earth.  The  phenomena  of  rotatory  motion  in  bodies  have, 
during  more  than  a  century,  been  made  the  subject  of  mathe- 
matical investigation  by  many  distinguished  men  of  science, 
particularly  in  their  relation  to  Physical  Astronomy.  The 
rotation  of  projectiles  has  been,  in  a  manner  purely  analytical, 
treated  by  Euler  and  La  Grange ;  but  M.  Poisson  has  made  the 
rotations  and  deviations  of  military  projectiles  in  particular,  the 
subjects  of  three  elaborate  Memoires  in  the  *  Journal  de  TEcole 
Polytechnique,'  torn.  xvi. 

88.  With  respect  to  the  deviation  caused  by  the  earth's 
rotation,  it  is  shown  that  when  the  line  of  aim  is  directed  from 
north  to  south,  and  from  south  to  north,  the  lateral  deviations 
are  westward  and  eastward  respectively;  and  when  directed 
from  west  to  east,  and  from  east  to  west,  the  lateral  deviations 
are  southward  and  northward  respectively :  that  is,  in  all  cases, 
towards  the  right  hand  of  the  soldier.  M.  Poisson  shows  that, 
in  latitudes  corresponding  to  the  central  parts  of  Europe,  a 
10-inch  shell  weighing  112  lbs.,  when  fired  in  any  vertical  plane 
at  an  elevation  of  45  degrees,  with  an  initial  velocity  equal  to 
400  feet  per  second,  will,  on  this  account,  at  the  distance  of 
1200  yards,  deviate  from  the  mark  between  2  feet  10  in.  and 
3  feet  10  in.  A  12-inch  shell,  weighing  200  lbs.,  fired  at  an 
equal  elevation,  with  an  initial  velocity  equal  to  900  feet  per 
second,  will,  at  the  distance  of  4400  yards,  deviate  from  the 
mark  between  15  and  30  feet.  Hence,  in  order  to  strike  an 
object,  the  projectile  should,  if  this  cause  of  deviation  were 
alone  considered,  be  fired  in  a  Vertical  plane,  making  with 
a  vertical  plane,  passing  through  the  piece  and  the  object,  an 
angle  equal  to  about  three  minutes  towards  the  left  hand  of 
the  soldier. 
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89.  Ju  a  Paper  on  the  Denitbn  of  rrojr-ct)le«,  hy  Vrotewor 
Hiigna%  of  Berlin,  which  is  pabUdKnl  in  llie  Memoin  of  the 
Royal  Aoademy,  Berlin  (1852),  and  tmiuiUtod  in  TayIor'» 
'  Scientifio  Hemon^*  May,  1858,  Aa  writtT  rancMtivM  that  tltc 
obaerred  deviatknu  of  ihot  haTlng  a  niovt^ment  of  rutation  an 
on  axis,  as  well  as  of  translation  in  Hfocc,  may  ha  explain«d 
by  the  direct  resistanoe  of  the  abnosplipre  combined  with  & 
rotatitm  induced  in  the  air  immedaitely  nlKiiit  t)to  shot.  M. 
MagnoB  ofaaerrei^  from  flzperiments  ingoniously  devised,  thnt, 
on  one  aide  of  the  projectiles  the  ione  nrising  fmm  tho  modoo 
of  the  air  which  ia  generated  by  the  rotntion  has  tho  same 
direction  as  the  force  of  mistanoe  arising  from  the  reartion  of 
the  air  in  the  motion  of  tnuialatton;  and  that,  on  t)iu  oppomie 
side,  these  foroes  have  contrary  directions.  When  the  reacting 
force  is  great,  compared  with  the  other,  the  effect  on  tlie  tthot 
is  nearly  the  same  as  if  the  latter  did  not  rotate  on  ita  axis: 
but,  when  fliese  are  neariy  eqnal,  a  pressare  of  the  air  takes 
place  on  the  aide  of  the  shot  at  which  the  direct  UKitioa  of 
the  shot  is  ooinoident  with  the  morenunt  of  rotation  ;  while,  on 
the  opposite  aide,  the  air,  being  ez])an<l<:'(l,  ia  strongly  driven 
off.  Hence,  sapposing  a  spherical  diot  {luring  it^  progressire 
motion  to  rotate  so  that  the  axis  of  rotation  is  always  in  • 
normal  to  the  trajectory,  and  in  a  vertical  plane ;  when  the 
front  of  the  shot  tams  from  left  to  right,  tlie  observer  being 
behind  the  gnn,  a  decrease  of  pressore  takes  place  on  Ura  rigid 
hand,  and  an  increase  on  the  left,  ami  the  shot  deviatoe  to 
the  right;  on  the  contrary,  when  the  front  of  the  aliot  tvnia 
from  right  to  left,  there  is  a  decrease  of  pressure  on  the  leK, 
and  an  increase  on  the  right,  and  the  deviation  is  to  the  left. 

A  like  explanation  is  given  of  the  deviations  produced  whes 
the  axis  of  rotation  is  horizontal  and  perpendicular  to  the  jdaas 
of  the  trajectory.  IT  the  upper  hemisphere  turns  iu  the  direc- 
tion of  the  motion  of  translation,  the  projectile  descends,  an^ 
the  range  is  less  than  if  there  were  no  rotation.  K  the  u|^^ 
hemisphere  turns  in  a  direction  contrsry  to  the  motimi  of  tn — 
lation,  the  shot  rises  and  the  range  is  increased.' 

■  The  autbor  trasta  he  shall  be  excused  for  Rientioning  in  thin  plaoa  i 
in  cnnaeqiieiice  of  tho  above  obeervatioDti,  logetber  with  what  has  bcwD 
where  in  this  work  atated  concerning  the  importance  of  shot  being  &1ifl|, 
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These  results  are  directly  contrary  to  those  at  which  M. 
Poisson  has  arrived  in  the  Mimoires  above  referred  to,  where 
that  distinguished  mathematician  has  investigated  the  deviations 
of  a  spherical  and  homogeneous  projectile  which  revolves  on  its 
axis  during  its  motion  of  translation. 

90.  If  the  projectile  be  not  spherical,  and  if  it  have'  that 
rotation  on  an  axis  which  is  produced  by  being  fired  from  a 
rifled  barrel,  the  deviations  arise  from  two  causes :  the  first  is 


with  the  utmost  attention  to  perfect  sphericity,  and  uniformity  of  density 
throughout  the  mass,  the  attention  of  Mr.  D.  Napier,  an  eminent  mechanician 
and  manufacturer  of  steam-engines,  was  attracted  to  that  suhject  as  early  as 
the  heginning  of  the  year  1831,  as  appears  by  a  letter  to  the  author  bearing 
that  date ;  and  the  circumstance  led  him  to  the  invention  of  the  ingenious 
method  of  forming  leaden  bullets  for  rifles  or  common  muskets,  by  strong 
compression,  from  masses  of  solid  lead  which  have  previously  been  cast  in  the 
form  of  cylinders.  By  this  process  the  air-bubble,  and  the  irregular  inequali- 
ties which  always  occur  in  bullets  when  cast,  do  not  exist  in  balls  so  formed  ; 
one  uniform  density  is  produced  in  them,  and  the  centre  of  gravity  of  the  ball 
is  coincident  with  its  geometrical  centre.  It  is  easy  to  perceive  how  much  the 
efficiency  of  infantry-fire,  and  indeed  of  any  in  which  leaden  balls  are  used, 
would  be  increased  by  the  employment  of  missiles  formed  on  this  principle. 

The  following  is  a  brief  description  of  the  process : — The  lead  is  first  formed 
by  casting  it  in  cylindrical  insots,  each  three  feet  long  and  three  quarters  of 
an  inch  diameter,  and  each  of  uiese  is  then  passed  between  the  circumferences 
of  two  pully-shaped  rollers,  those  circumferences  being  notched  for  the  pur- 
pose of  holding  and  drawing  the  ingot  or  cylinder  forward.  By  this  operation, 
the  cylinder  is  compressed  in  the  direction  of  a  diameter  as  much  as  a  quarter 
of  an  inch,  the  diameter  at  ri^ht  angles  to  this  being  correspondingly  increased. 
The  cylinder  is  then  passed  between  two  rollers  similar  to  the  former,  but 
having  on  each  of  their  circumferences  a  number  of  hemispheroidal  indenta- 
tions :  the  compression  of  the  cylinder  now  takes  place  in  the  direction  of  the 
longest  diameter,  and  the  indentations  just  mentioned  cause  the  cylinder  to 
assume  the  appearance  of  a  chain  of  bullets,  each  having  the  form  of  an 
irregular  spheroid,  and  each  being  connected  with  the  next  by  a  flat  portion  of 
lead  about  a  quarter  of  an  inch  thick,  which  is  in  part  cut  through  by  the 
machine.  Each  separate  bullet  is,  lastly,  received  in  a  fixed  die,  and,  a 
moveable  die  being  forced  down  upon  it,  the  third  compression  gives  to  it  a 
perfectly  spherical  form,  the  bullets  being  now  connected  together  only  by  a 
portion  of  lead  about  the  thickness  of  a  wafer,  so  that  they  may  be  easily 
separated  from  one  another. 

Simple  musket-bullets,  belted  rifle-balls  and  the  Mini^  shot  are  executed 
by  the  machine  in  like  manner ;  and,  since  steam-power  has  recently  been 
appli^  to  this  important  purpose,  it  is  hoped  that  the  supply  of  balls  so 
formed  will  be  sufficiently  ample  to  meet  all  the  wants  of  the  service. 

It  is  worthy  of  remark  that,  in  cast-iron  solid  shot  there  is  a  great  want  of 
that  homogeneity  which  is  essential  to  concentricity  of  gravity  and  figure  : 
very  few  such  shot,  when  floated  in  mercury,  rest,  as  all  of  them  ought  to 
rest,  indifferently  in  any  position  ;  but  it  is  highly  desirable  that  some  mode 
should  be  discovered  of  obtaining  perfect  homogeneity,  and  the  importance  of 
this  quality  will  be  particularly  shown  hereafter  in  treating  of  the  subject  of 
excentric  spherical  projectiles. 


02  SAVAL  (iUNmeilY.  P*H 

due  to  the  Mpinl  moreinent,  by  v\aA  tbe  axis  of  the  «hol  m 
the  axu  of^  totation  ani  not  coiuddvnt ;  tuid  Utu  utbor  tij  t 
rotation  of  the  ihot  Tlic  olTuclii  or  tltiii  rotntion  wOI  be  dtfien^ 
according  u  tbe  ahot  is  n'mprpiwoi]  or  nlongated  in  tbo  direvtiM 
of  tlie  udfl  of  iba  bore.  The  n?sult  of  tlii-  iuTwtigstions  allndii 
to  in  Art.  87  il,  that  an  elun^atod  ball  doviates  to  the  riffht  li 
the  aoldur  when  tha  ratntion  of  tlin  upper  {uut  ia  bom  left  A 
ri^t,  and  vm  wrtd, '  A  lUtteued  Itall  (one  vhose  shoitur  a^ 
ia  in  the  direction  v^  the  bore)  dcviuU^  to  thu  2r/f  when  tli 
Totatkn  cf  the  npper  part  is  from  loft  tu  dght,  aiid  ruv  fw«>i. 

91.  When  pointed,  ur  ry1iitdru-CJ>iii>idal  shot  a*«  projentaj 
from  rifled  oaonon  or  musketd,  it  is  nttscrvrd  that  thvj  1 
always  a  lateral  deviation  towards  tlio  ri^lit  land  of  tlto  Holdioi 
and  nerer  towards  the  k'ft.  T\w  (U'vintion  i«,  Iioweria,  olwajV 
less  than  that  of  a  spheriinl  ]irojci-ttIe  llrei)  fK>m  a  smooth  bore! 
and  it  is  manifest  that  this  is  rauaed  by  the  riflo-gnwvus  havk^ 
a  direction  from  the  left  to  the  right  of  thu  soldier,  in  the  apptl 
part  <rf  the  barrel.  It  would,  however,  bo  proj^r  that  cxp«i 
ments  were  made  with  harrels  ridt-d  in  tlie  contrary  direction,  (I 
from  tight  to  lef^  in  order  to  aficextaiii  if  the  deviations  woidd|j 
or  would  not,  in  tliat  case,  be  ahvays  towards  the  left  hand. 

M.  Magno^  in  the  paper  above  quoted,  dcHoribus  some  j 
genious  expeiimenta  from  wliieh  he  ascertained  timt  the  axM 
on  elongated  oylindro-coniiL-ul  sliot  is  not  exactly  in  the  diroctil 
of  a  tangent  to  the  trajectory,  but  makes  with  it  a  anmll  angi 
He  shows  that,  if  the  elongated  shot  had  no  rotation,  the  ( 
Bultant  of  the  air's  leaistanco,  passing  through  the  axis  betw 
the  centre  of  gravity  and  the  upex,  that  resistonce  would  t 
to  raise  the  apex  above  a  tangent  to  the  tiajectory  ;  and  fl 
when  a  rotation  towards  tlie  right  is  combined  with  the  projeolj 
motion,  the  apex  is  not  elevated,  but  the  longitudinal  axis  of  tl*T 
shot  mokes  an  angle  with  a  vertical  plaue  passing  tlu-ou|rh  &t  I 
axis  of  tbe  fire-arm,  such  that  the  apex  is  towards  the  neMiA 
the  resistance  of  the  air  thus  presses  the  centre  of  gravity  h| 
wards  the  same  side,  or  totvards  the  right  haud  of  the  soldinl 
and  causes  the  lateral  deviation  which  is  observed,  at  the  m 
time  it  causes  the  apex  of  tlie  shot  to  tend  below  the  dirai 
of  a  tangent  to  the  cur\'e.     Professor  Bodeu  Powell,  in  a  C 
read  at  the  Boyal  Institution  in  London,  March,  1854,  olvb 
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that  &e  Mini^  projectile  being  hollowed  at  the  base,  its  centre 
of  gravity  will  be  nearer  the  apex  than  in  a  solid  shot ;  conse- 
quently that  the  resistance  of  the  air  may  tend  to  depress  the 
apex  and  cause  a  lateral  deviation  of  the  shot  towards  the  left  of 
the  soldier. 

92.  Whatever  be  the  causes  which  produce  the  lateral  deviar 
tions  of  projectiles,  the  effects  may  be  considered  as  being  di- 
rectly proportional  to  the  velocity  v  of  the  projectile  in  its  tra- 
jectory, and  inversely  proportional  to  its  diameter  2  r,  and  its 
density  S  ;    the  deviating   force  is  therefore  represented  by 

k  -z,  in  which  A:  is  a  constant  depending  on  the  state  of  the 

atmosphere  and  on  the  nature  of  the  projectile ;  and  the  formula 
for  the  mean  deviations  r&solved  in  vertical  and  horizontal  direc- 
tions is  found  to  be,  for  each  of  those  ordinates,  at  a  distance  x 
from  the  gun, 

in  which  V  denotes  the  initial  velocity,  and  c  has  the  same  value 
as  above  stated.  Art.  83. 

By  deductions  from  experiments  with  various  natures  of 
French  ordnance,  it  is  found  that^  for  solid  spherical  shot,  k 
may  be  expressed  by  .00125,  and,  for  hollow  spherical  shot, 
by  .00135  ('  Suite  des  Experiences  d'Artillerie  k  Gavre,'  Paris, 
1844). 

93.  It  has  been  stated  that  in  the  parabolic  theory  the  angular 
elevation  of  the  piece  which  gives  the  greatest  range  is  45  de- 
grees :  this  is  not  the  case  when  the  shot  moves  in  a  resisting 
medium  ;  for  then  the  maximum  range  depends  upon  the  resist- 
ance as  well  as  upon  the  initial  velocity.  The  best  method  of 
finding  the  elevation  which  would  give  the  maximum  range  is  to 
calculate,  by  quadratures  or  otherwise  (see  the  works  quoted  in 
Art.  83),  the  ranges  due  to  several  different  angles  of  elevation  ; 
and  when,  thus,  two  limits  of  the  elevation  have  been  found 
between  which  the  greatest  range  is  produced,  the  exact  eleva- 
tion required  may  be  determined  by  the  usual  process  of  inter- 
polation.*   

*  By  dififerentiating  an  equation  of  the  trajectory,  considering  x  and  a 
(the  horizontal  co-ordinate  and  the  angle  of  elevation  respectively)  as  variable 
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Id  this  nuumer  H  iu»  been  fixinil,  tty  Oie  wtiUv  of  I 
M^moir$  on  Ballatiai  in  Gm  'Journal  de  I'Ecole  PoIyteclwiqBl 
torn,  ir.,  that  iriien  the  initial  Telooi^  'a  Uitih  feet  per  i 
the  elention  which,  by  the  ftvmnla,  gtvw  tlie  gruat«ai  i 
31°  5d' 6";  but,  in  proportion  aa  the  initial  velocity  is  d 
the  angk  iriiioh  gira  the  maximnm  range  ta  gKoter.  j 
when  the  initial  Telocity  waa  500  feet  piir  isccond,  the  c 
producing  the  maximiun  range  waa  42?  14'.  Thia  augmontatia 
of  the  elevation,  with  the  diminntioa  of  the  velocity,  is  exaf4l| 
what  mi^t  be  anticipated,  ainoe  the  nwistance  of  the  air  woal 
diminiih  with  a  dimination  of  Telooity,  niul  tlic  trujectory  wunli 
approach  nearer  to  a  parabolic  form.  It  mny  bo  observed  llia^! 
in  the  experimenta  made  at  Deal  in  l><',iii,  the  greatust  ranges 
were  obtained  (ocmfbrmably  tothe  dednctions  fram  tlieory)  vtUea 
the  elerationa  were  32°. 

91.  Writera  on  Dynamics  have  showii,  Miut  lliu  ascending  a 
descending  branohea  of  the  trajectory  ai-o  not  i^milar  to  ono  a 
other,  aa  they  are  in  the  parabolic  theor}- ;  tlio  tangents  at  ptiiat 
in  the  aacending  branch  mahing  smaller  tin^ks  uitb  a  liorizontal 
line  than  those  at  corresponding  pointa  in  tin:  descending  Inuiieh 
The  former  branch,  if  continued  downwanU,  bus  an  aflymptoH 
which  is  inclined  to  the  horizon,  and  the  latter  has  an  asymptoM 
which  ia  in  a  Tertical  position.  It  folldns  that,  whon  the  axis  I 
the  gun  ia  inclined  to  the  horison,  the  vcrtes,  or  highest  point  | 
the  trajectory,  ia  nearer  to  the  remote  extremity  of  tltu  i 
than  to  the- place  of  the  gun. 

95,  The  (Terences  between  ranges  in  a  resiiitiug  medium  a 
those  which  shoold  result  oonformaUy  to  the  parabolic 
are  exhilnted  in  the  following  table ;  aud  from  tbese  it  appt 
that  tbe  ranges,  instead  of  varying  as  the  eriiuires  of  the  vel 
ties  (Art.  49,  Note),  are  in  a  lower  pruportion  tban  the  i 


quantitio,  ind  making  -j-  equal  to  zcks  Br.  Ruliisuu  obtained  {Kr 
6th  edit.,  Art.  Pbojictiles)  an  cquntion  cquivnlciii  to 

d..4lm>.i..+l)    ='■"'■ '°«-— ST— ■ 
and  the  value  of  a  obtained  from  this  equation  pves,  approxiiuatlvat 
elevation  producing  the  maximum   range.     In   ibis  manner  waa  funna 
table  for  maxim  mo  ranges  given  ia  UuUon's  '  I'nicta '  (Trat^  xxivit., 

US).  ^ 
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ties;  while  from  800  feet  to  1600  feet  (the  most  ordinary 
velocities  with  gmis)  the  ranges  are  nearly  as  the  square  roots 
of  the  velocities. 

The  table,  which  has  been  computed  from  theory,  exhibits 
the  ranges  corresponding  to  several  given  velocities  with  which 
a  24  lb.  shot  may  be  projected  in  a  resisting  medimn,  and  also 
the  ranges  in  vacuo,  the  elevation  of  the  piece  being  in  both 
cases  45  degrees. 


Initial 
Velocities,  in  Feet 
perSeoood. 


200 
600 
800 
1.000 
1.600 
2.000 
2,600 


Ranges  In  Air, 
io  Yards. 


350 
1,760 
2.230 
2.650 
3,754 
4,340 
5,180 


Ranges  In  Vacuo, 
In  Tarda. 


415 
3,731 
6.632 
10,362 
26,528 
41,450 
70,050 


From  the.  experiments  carried  on  at  Deal  in  1839  the  range 
of  a  561b.  shot,  with  a  charge  of  16  lbs.  (windage  =  .175 
inch),  consequently  having  an  initial  velocity  of  1622  feet  per 
second,  and  fired  at  an  elevation  of  32°,  was  5720  yards.  By 
the  parabolic  theory  it  would  have  been  24,475  yards,  or  nearly 
14  miles. 

96.  Having  given  the  principal  formula?  for  projectile  motion, 
as  well  in  air  as  in  vacuo,  it  is  intended  now  to  offer  a  series  of 
observations  on  the  most  important  circumstances  in  the  prac- 
tice of  naval  gunnery,  and  to  state  the  means  by  which  the 
highest  degree  of  efficiency  in  it  may  be  attained. 

These  subjects  are,  for  the  sake  of  convenience,  disposed  under 
the  following  heads : — 

I.  The  effect  of  Splinters. 

IL  The  effects  of  Heavy  and  Compound  Shot  in  increasing 
the  force  of  Impact 
ni.  The  employment  of  Double  and  Triple  Shot  in  action. 
IV.  The  effects  of  Windage  on  correct  Firing,  and  on  the 

Velocity  of  Shot. 
V.  Effects  of  the  Length  of  Gun  on  the  Velocity  of  Shot. 
VI.  On  Recoil  and  Preponderance. 
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VII.  TheoActiofWftdi. 

VIII.  PenetntumarShotuitti  Matimals. 
IX.  On  Oylindro-oonoidal,  mid  Kccuntrio  Spbericol  Projod 

tHes. 

97.  L— !»•  ^M(  ^  <i$>ftifcr«.— It  npi«.-are  lu  have  Kjeu 
gcueral  rale  to  lue  the  ftiU  chargoM  of  iHiwdur  ut  Uie  commiiuoi 
meut  of  an  action,  and  to  ipdiico  thorn  as  tite  ^uds  bei-Aiiii 
heated.  Thia  ia  a  very  proper  pm-nution  tn  gutinl  ikgamst  ansv 
dcQta  in  continned,  quick  filing;  but  a  general  uilo  Ui 
inence  actioa  witlt  the  full  cliar;^cij  muy,  in  somit  cases,  iutorfvn 
with  the  important  effect  that  might  le  producctl  from  spliutd*. 
Tlie  prodigiona  ravagea  occasioned  by  apliut^rs,  in  naval  action^, 
are  such,  that  ve  should  study  an  much  as  posHibli;,  conai^teutljr 
with  other  Tiews,  to  reap  the  fiillfst  eEFoct  from  so  destructivi!  as 
agent;  and  thia  depends  very  much  upon  the  d<!gTee  of  Tclooitv 
with  which  the  balls  praetrate. 

98.  In  doae  action,  ahot  diachai'ged  from  lurgo  guns  with  tb» 
full  qnantitj  of  powder  tear  oft'  fewer  spliaters  thiiu  balls  Rrdd 
from  tlie  same  natore  of  guns  with  reduced  cliargca.  This  latf^ 
be  fanuliarly  exemplified  by  flriug  n  musket  or  a  pisttil  cfaaivel. 
with  a  ballet  through  panes  of  glass,  at  different  distAncee,  (f 
with  different  chaises.  Superior  velocity  will  make  a  da& 
round  hol^  without  breaking  or  oven  cracking  the  plate;  batfti 
certain  redooed  celerity  will  dasli  the  glass  to  pieces. 

In  firing  into  masses  of  timbor,  or  any  solid  substanci^  iM 
velocity  which  can  but  just  penetrate  will  occasion  tJie  grvalSl 
shake,  and  tear  c^  tlie  greatoit  number  of,  and  largest^  spUntent 
for,  as  in  the  brittle  glass,  the  parts  struck  by  a  solid 
moving  with  great  velocity,  arc  driven  out  before  tliey  eomi 
cate  moticoi  to  the  drcumjaeent  parta  of  the  substance. 
particularly  the  case  with  respect  to  the  impact  of  shot  on 
of  iron,  as  will  be  ehown  hereafter.  Whereas  by  shot  of 
weighty  or  moving  with  less  velocity,  or  by  both  of  these  oil 
stances  duly  combined,  the  rents,  shakes,  and  ravages  nia<1'> 
perforating  timber  will  be  more  extensive ;  a  greater  numlM 
splinters,  and  those  of  larger  size,  will  be  torn  off,  and  • 
tures  more  difficult  to  plug  will  be  made :  while,  in  the  peg 
tion  of  iron  plates,  large  and  ragged  fractures  will  bo  fim 
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seams  and  rivets  will  be  broken  to  a  greater  ext^nt^  and  frag- 
ments will  be  driven  on  board,  which  are  far  more  destructive  of 
life  than  if  the  shot  had  been  discharged  with  velocity  sufficient 
to  cause  it  to  perforate  both  sides  of  the  ship.  In  close  actions 
with  heavy  guns,  charges  may  therefore  be,  with  advantage, 
greatly  reduced.  In  fact,  the  velocities  communicated  to  solid 
shot  by  charges  exceeding  one-third  of  their  weight  are  too 
great  to  produce  the  maximum  effect  from  splinters;  and 
chaiiges  of  one-sixth,  from  heavy  guns,  are  found  quite  sufficient, 
*t  600  yards,  to  drive  single  and  even  double  shot  through  the 
thickest  part  of  the  side  of  any  ship.  Many  other  examples 
might  be. given  here,  but  the  subject  will  be  fully  treated  in  the 
section  on  the  Penetration  of  Shot 

99.  The  above  observations  require,  however,  to  be  modified 
according  to  circumstances ;  their  justness  depending  on  the 
position  of  the  enemy  and  on  the  degree  of  steadiness  with 
which  the  firing  is  carried  on  during  an  action.  If  no  greater 
force  were  wanted  than  that  which  is  capable  of  penetrating  the 
side  of  an  enemy's  ship  with  the  greatest  effect  from  splinters, 
tiiose  observations  will  hold  good.  Vessels  armed  with  the 
heavier  natures  of  guns,  in  close,  steady,  broadside  action  may 
certainly  use  reduced  charges,  if,  as  in  attacking  an  enemy  at 
anchor,  the  relative  positions  do  not  rapidly  change :  also,  since 
the  velocity  of  a  shot  from  a  32-pounder,  at  close  action,  with 
a  service  charge,  is  more  than  sufficient  to  penetrate  any  mast, 
we  are  at  liberty  to  sacrifice  some  of  the  superabundant  power, 
by  diminiahing  the  charge,  for  the  purpose  of  obtaining  an  in- 
creased effect  from  the  splinters  which  may  be  driven  off  from 
masts,  spars,  or  any  other  timber,  as  well  as  from  the  ship's  sides. 
But,  while  we  keep  this  object  in  view,  we  should  particularly 
provide  for  the  destruction  of  masts,  dismounting  of  guns,  and 
ruining  of  their  carriages,  breaking  beams,  and  penetrating  into 
masses  of  timber  in  firing  obliquely,  or  at  grelBit  distances  (see 
Art.  107),  in  which  cases  full  charges  are  required.  Nothing, 
moreover,  can  be  spared  in  force  with  any  nature  of  gun  up  to 
the  12-pounder  inclusive :  with  the  higher  natures,  charges  of 
one-quarter  of  the  weight  of  the  shot  may  be  occasionally  used 
with  advantage,  but  in  no  case  for  raking  or  diagonal  fire. 

100.  To  increase  still  further  the  effect  from  splinters,  hollow 
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thot  hare  Jlieen  [ooposed,  and  theie  mMj  b*  tund  wiOi  grent  « 
odvaatage  from  guns -of  }aTga  calibce.  For  wliititt,  hy  tin 
magnitade,  fractures  or  ^teiturea  of  gnat  extent  may  be 
in  the  side  of  an  enemy's  ahip,  their  rdath  fly  Iuwct  momeni 
arieing  from  the  dimiidshed  weight  rendir  tlx^iu  fur  inun;  po 
ducive  to  the  Comuition  of  defltmotiTe  qli&t<>r»  than  aoVui  ball 
of  eqnal  diametflia  But  it  may  be  doubted  huw  for  lioUoi 
shot  are  nifBeient  saliBtitateB  for  solid  durt  at  ^reiit  distouces 
the  requisite  accniacy  and  certainty  oS  pnulioo,  that  is, 
greatest  power  of  range  with  the  Ititot  eleviitJoii,  Witig 
able  only  by  the  heavier  projectiles. 

It  may  also  be  doubted  whether  or  not  -we  nro  right  in 
general  adoption  of  shell-guns  for  the  bow  nnd  etora  amamffl 
of  steamers,  in  preference  to  long  and  powerful  twlid-shot  gnn 
possessing,  in  a  higher  degree,  power  of  nitigo,  accumcy  an 
penetrating  fivce,  in  distant  firing;  and  whether,  iu  the  an 
ment  of  oar  nary  in  general,  we  hare  not  so  reduced  the  noml 
of  gnns,  in  proportion  to  the  ditptaeemmt,  iii  cosRequvnce  of  I 
introdoctiaaofshell-gnns  into  the  broadaido  liatterios  of  some 
classes  of  ships  (the  "Thetis"  and  "Castor^*  dasa  iu  ]KtrticaUr), 
as  to  place  those  vessels  in  disadrantageons  circumstances  nh^ 
opposed  to  BQch  as,  though  equal  to  them  in  size,  carry  a  gr«atis 
number  of  gane,  and  which,  consequently,  possess  a  degree  di 
superiority,  from  the  power  of  maVing  a  plurality  of  dischaiSH 
in  a  given  time^  and  from  the  &cility  witli  wliicli  the  lees  un- 
wieldy gnns  may  be  worked  relatively  i^-itli  the   numbi^  of 
men  fanning  the  crew  according  to  the  pruseiit  establishmtmL 
The  "Thetis"  and  "Castor,"  the  displacements  of  which  aie^ 
respectively,  1528   and  1283  tons,  carry  only  SG   guns;    the 
"  Indefetigable,"  with  a  diflplacement  of  2(113  tons,   has  oelj 
50  gnns;  our  largest  frigate,  the  "Vernon,"  with  a  displace- 
ment of  2082  tons,  carries  only  50.     Wbure  are  our   «0-gi^ 
frigates?     The  French  had  (in  1850)  twelve  GO-gun  frigate 
afloat,  and  five  were  being  buHt :  they  had,  morcorer,  tw^iMH 
five  50*8.     The  number,  names,  and  rating's  of  the  shipe  -^" 
vessels  afloat,  building,  and  in  commissiun,  have  not  bem  m 
in  L'Etat  Gen&»l  de  la  Marine  since  1850 ;  but,  accoxdiiw 
Btatement  in  L'Enquete  Parlementaire,  the  French  had,  in.; 
fifty-six  frigates  and  thirty-four  corvettes.     We  had  thq^-; 
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twenty-six  frigates  above  the  class  of  44  guns,  and  of  this  class 
only  twelve !  The  war  armament  of  the  United  States'  frigate 
"Congress,"  and  eleven  others  of  that  class,  is  upwards  of  50 
guns ;  and  of  the  "  Independence,"  60 ;  the  peace  armament  of 
this  ship  is  54  guns.  The  first-class  frigates  in  the  Russian  navy 
carry  60  guns;  the  second-class,  upwards  of  50,  The  Dutch 
have  their  60-gun  frigates,  though  in  peace  they  carry  only  50. 
In  the  Turkish  navy  there  are  ten  of  from  54  to  64  guns.  In 
the  French  service,  the  razees  carry  58.  Our  "  Warspite,"  re- 
duced from  a  76,  originally  with  a  displacement  of  2490  tons, 
but  lighter  now,  at  the  load-line,  by  2  feet  4  J  inches,  equivalent 
to  436  tons,  carries  only  50  guns.  The  "  Arrogant,"  with  a  dis- 
placement of  1872  tons,  far  from  retaining  the  full  gunnery 
power  due  to  that  tonnage,  is  reduced  to  46  guns.* 

101.  II. — The  effects  of  Heavy  and  Compound  Shot  in  increa^ 
mg  the  Force  of  Impact. — To  gain  an  increase  of  penetrating 
power,  or  to  augment  the  force  of  the  blows  with  which  shots 
strike,  balls  made  of  heavy  material  may  be  used  with  advan- 
tage. A  shell,  filled  with  lead,  will  produce  a  greater  blow  than 
an  iron  shot  of  the  same  diameter,  discharged  with  an  equal 
quantity  of  powder ;  for  the  penetrating  power,  which  (Art.  82) 
varies  with  the  product  of  the  density  and  the  square  of  the 
velocity  of  the  body,  will,  in  thi^  case,  be  proportional  to  the 
weight  of  shot.  The  former  may  also  be  made  to  range  farther 
than  the  iron  ball,  from  being  better  able  to  overcome  the  re- 
sistance of  the  air,  and,  consequently  (see  the  equation  for  Xy 
Art.  63),  retaining  longer  the  superior  velocity  communicated 
by  a  greater  charge  of  powder.^  From  this  an  increase  of 
accuracy  also  results,  because  the  same  range  may  be  produced 
with  less  elevation ;  and  accuracy  is  gained  as  elevation  is  reduced. 

From  experiments  made  in  France  it  was  found  that  a  shell 
filled  with  sand,  and  weighing  about  46  lbs.,  being  projected 
with  a  charge  of  9  lbs.  from  an  8-inch  Paixhans  gun,  with  an 
initial  velocity  of  1200  feet  pel*  second,  and  at  an  elevation 
equal  to  1°,  ranged   twice  as  far  as  a  shell  filled  with  lead 

■  An  accurate  account  of  the  armaments  of  the  British  and  foreign  navies 
will  be  given  in  an  ApiHjndix. 

^  The  like  is  evidently  true  in  comparing  the  effects  of  solid  and  hollow  shot. 


TO  NATAL  OQHKeilY.     -  r^irr 

wcig^ntig  75  Um;  wlm  prqieafedd  «it!i  a  «liiifgn  iif  7  lbs.,  tl 
initial  Teloci^  bang  840.  Bat,. at  in  elovntHHi  of  If,  the  r 
were  neaily  equal ;  and  at  6°  (dw  wci^ta  and  rbargeB  1 
as  bdore)  the  range  of  the  dieU  ffilud  with  load  surpaaaed  i 
(^  the  odier,  amotmtii^  to  1800  Tmnltt,  while  the  nmga  ef  t 
shell  filled  with  nnd  wai  only  14(l(l  yardH.  This  pmvoa  til 
great  initial  Telodty  n  nab  alone  ea»'ntinl  to  thu  poyrtur  of  r 
hot  that mBeh dependi  upon  the  wti^'lit,  or  iin'riiik,  of  the  abot 
by  which  the  Telocity  of  pn^eotion  i^  l<)iig<>r  retainod.  We  sbiQ 
TBTert  to  tins  snttjeet  in  treating  (tf  Imllow  shot. 

102.  Heavy,  «■,  as  they  may  be  (ulhtl,  cotnpoimd  shot,  nug 
be  used  with  great  advantage  agaiii^it  vessi'ls  eotuAnuHcd  nid 
sides  so  thick  as  to  be  proof  againet  the  known  jiUDotration  0 
otdinary  shot;  for  balls  made  of  henvior  matter  (stfung  ebelli 
run  full  of  lead)  will  penetrate  fiuther,  nud  bo  moro  fomidiiUl 
in  every  way.  If  the  odes  of  soch  Tewtela  be  mado  of  a 
masses  of  timber  (Hily,  then  red-hot  iwHd  uhut  should  bo  asi^ 
and  if  these  lodge,  the  effect  will  be  ruiidiired  thu  more  c«rtatB 
but  as  the  furnaces  for  heating  shrit  on  boanl  of  idiipe  cam 
supply  as  many  balls  as  may  be  discharged,  cold  shot  mnst  s 
be  used.  The  effect  of  these  will  be  more  or  less  formidable,  il 
proportion  to  their  powers  of  penetration  and  their  momonli 
both  of  which  will  be  greater  witli  tUu  cuutpoiuid  beavT  all 
than  with  solid  iron  balls. 

The  weight  of  a  56-t>ounder  shell,  having  its  canty  filled  wi 
lead,  is  65.443  Ibe. ;  for  the  whtde  diameter  hemg  7.475  indfl 
and  the  thickness  of  the  metal  one-sixth  of  the  diameter,  1 
weight  of  the  shell  itself  is  38.827  lbs.,  while  the  weight  of  i 
-solid  boll  of  lead  which  occupies  the-  cavity  is  '2Ij.Ij16  lbs.     Kc 
(Art.  71)  the  velocitieA  of  balls  of  equal  diameter,  but  differwl 
weights,  and  discharged  with  equal  quautities  of  powder,  beiiiE 
inversely  as  the  square  roots  of  the  wt'in:hts,  the  velocity  of  ■ 
homogeneous  56-pounder  shot  will  hu  to  that  of  the  ahell  iHltf 
filled  with  lead,  as  V65.443  to  V56 ;  so  tbnt,  tlie  velocity  ofol 
soUcI  diot  with  a  cliarge  of  14  lbs.  U:iiif;  by  coiiiputation  J," 
feet  [jer  second,  the  velocity  of  the  shell  filled  with-  lead,  ■ 
the  same  charge,  would  be  1476  feet  per  second.      Birt 
velocities  of  balls  of  equal  weights  being  directly  as  the  wa 
Touts  of  the  chai^ies,  or  the  charges  being  as  the  squares  tf 
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velocities ;  if  we  increase  the  charge  from  14  lbs.  in  the  ratio  of 
the  squares  of  those  .numbers,  we  get  16.36  lbs.  for  the  charge, 
which  will  render  the  velocity  of  the  shell  filled  with  lead  equal 
to  that  of  the  homogeneous  56-pounder  shot.  This  is  a  simple 
way  of  increasing  the  weight  of  metal,  as  it  is  popularly  called ; 
and  on  particular  occasions  it  may  be  used  with  considerable 
advantage. 

In  the  experiments  made  at  Deal  in  1839,  to  determine  the 
ranges  of  homogeneous  shot  and  of  shells  filled  with  lead  from 
a  56-pounder,  11  ft.  in  length,  97  cwt.  2  qrs.  26  lbs.  in  weight, 
and  with  a  windage  of  .175,  it  appears  that  with  charges  of 
17  lbs.,  at  an  elevation  of  15°,  the  first  graze  of  a  solid  shot 
was  4001  yards,  and  at  an  elevation  of  35°,  5200  yards ;  while, 
at  the  former  elevation,  the  first  graze  of  a  sheU  filled  with  lead 
was  4029  yards,  and  at  the  latter  elevation  5600  yards.* 

In  chasing,  or  in  flight,  heavy  compound  shot,  fired  from  long 
guns  with  charges  increased  in  the  proportion  just  shown,  will 
increase  the  power  of  range,  and  consequently  the  chance  of 
carrying  away  a  mast  or  a  spar,  at  a  very  considerable  distance.** 
For  such  special  purposes  as  these,  it  may,  therefore,  be  ex- 
pedient to  provide  a  few  compound  shot,  with  directions  how  to 
use,  and  injunctions  to  economize  them. 

103.  Oblong  shot  of  the  kind  formerly  used,  that  is,  of  a 
cylindrical  form  and  terminating  at  each  end  in  a  hemisphere, 
may  still  be  used  occasionally  either  against  ships  or  in  breaching 
batteries  by  land.  The  great  uncertainty  of  such  shot,  however, 
from  irregularities  in  their  flight,  would  not,  at  great  distances, 
be  compensated  by  the  advantages  contemplated;  but  they 
might  sometimes  be  used  at  moderate  distances  with  great 
eflTect,  particularly  by  vessels  carrying  only  9  or  12-pounder 


•  At  the  siege  of  Cadiz,  the  French  used  shells  filled  with  lead,  which,  dis- 
charged with  a  velocity  of  ahout  2000  feet  per  second  from  howitzers  (one  of 
which  IS  now  placed  as  a  military  trophy  in  St,  James's  Park),  ranged  to  the 
distance  of  three  miles.  Greater  ranges  than  this  have  been  obtained  with 
shells  in  experiments  recently  (1852)  canned  on  at  Shoebury  Ness  in  this 
comitry.     See  Art.  193,  p.  152. 

*»  A  very  distinguished  naval  commander  mentioned  to  the  author  that  he 
knew  a  person  who  had  served  in  an  American  privateer  which,  having  been 
out  of  shot,  and  being  \mable  to  procure  a  supply  of  iron  balls,  used  leaden 
shot  as  substitutes.  This  person  always  mentioned  with  great  surprise  the 
supe.rior  effect  of  leaden  balls. 
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guns ;  for  the  weight  of  metal  may  thua  be  increased  so  mucli  " 
as  to  be  capable  of  carrying  away  a  mast,  which  a  round  shot, 
discharged  from  the  same  gun  with  equal  velocity,  could  not 
bring  down ;  and  the  oblong  shot  would  make  large  irregular 
fractures  in  the  side  of  an  enemy's  ship  wliich  it  would  be  very  I 
difficult  to  pli^  up.  I 

The  windage  of  oblong  shot  should  not  be  greater  than  .14 
of  an  inch  (the  windage  of  a  carronade),  so  that,  in  fact,  a 
12-poundcr  gun  discharging  a  solid  mass  of  iron  of  24  lbs.  weight 
(that  of  its  oblong  shot),  with  a  charge  of  4  Iba.,  would  be  capable 
of  producing  as  great  an  effect  as  a  24-pounder  carronade ;  and 
if  the  oblong  shot  were  to  strike  with  its  larger  dimensions,  the 
effect  would  be  much  greater.  For  a  12-pounder,  a  shot  of  the 
shape  above  indicated,  and  exactly  equal  to  the  weight  of  two 
12-pounder  balls,  should  be  2.935  inches  long  in  the  cylindrical 
part,  and  the  total  length  7.338  inches.  In  close  action  the 
cliancQ  of  hitting  with  separate  balls  is  so  great,  that  two  round 
shot  sliould  then  be  preferred  to  a  single  oblong  projectile ;  but 
when  the  distance  is  such,  compared  with  the  magnitude  of 
the  object  fired  at,  that  from  the  divergence  of  the  balls,  both 
cannot  hit,  it  may  frequently  prove  advantageous  to  increase  the 
weight  of  metal  with  the  smaller  nature  of  guns  in  tlie  manner 
proposed. 

The  projjosition  for  using  oblong  shot  is  not  new.  Some  very 
extensive  experiments  Were  made  at  Landguard  Fort,  in  1776, 
to  ascertain  the  comparative  ranges  and  accuracy  of  long  and 
round  shot  with  42,  24, 18,  and  12  [wunders.  It  is  not  intended 
to  notice  the  trials  made  with  the  three  higher  natures  of  ord- 
nance, because  it  is  not  necessary  to  increase  the  nlomenta  of 
their  balls  for  any  naval  service,  but  some  of  the  experiments 
made  with  the  12-pounder  are  given  in  the  following  table : — 
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The  weight  of  the  oblong  shot  was  more  than  double  that  of 
the  ball,  but  the  windage  of  the  former  was  about  one-tenth  of 
an  inch  less.  The  ranges  with  the  oblong  shot  were,  of  course, 
considerably  less  than  with  the  balls ;  but  it  does  not  appear 
from  these  trials  that  the  variations,  or  errors,  were  greater  than 
they  are  with  round  shot ;  and  it  follows  that,  within  the  limit 
of  elevation  in  the  Table,  we  may,  on  suitable  occasions,  safely 
adopt  a  practice  which  would  increase  the  eflfect  in  a  consider- 
able degree.  Oblong  shot  would  occasion  great  ravages  in  the 
revetment-wall  of  a  fortress,  and  be  more  likely  than  round  shot, 
by  the  great  shake  they  would  occasion,  to  bring  it  down  after 
the  part  intended  to  be  breached  is  disunited  from  the  adjoining 
parts  by  round  shot  fired  with  full  charges.  There  can  be  little 
doubt,  also,  that  oblong  shot  are  far  preferable,  in  naval  warfare, 
to  bar-shot. 

If  an  oblong  shot,  twice  the  weight  of  a  round  shot  of  equal 
diameter,  be  fired  with  the  same  charge,  the  velocity  of  the 
former  will  be  less  than  that  of  the  latter  in  proportion  as  the 
square  root  of  the  weight  is  greater.  That  is,  the  weights  being 
as  2  to  1,  the  velocities  will  be  as  1  to  V2.  But  the  efiect  of 
impact,  measured  by  the  volume  of  penetration,  being  as  the 
weight  of  tlie  shot  and  the  square  of  its  velocity  (Art.- 82,  note), 
it  follows  that,  with  equal  charges,  the  eflfect  of  the  oblong  shot 
will  be  just  equal  to  that  of  a  round  shot  of  half  its  weight. 

Oblong  shot  of  tlie  sphero-cylindrical  form  above  noticed, 
when  discharged  from  smooth  barrels,  wanting  the  adjuncts 
which  give  steadiness  to  an  arrow,  can  never  be  made  to 
describe  plane  curves  in  their  flight ;  and  it  is  but  recently  that 
the  idea  has  been  entertained  of  discharging  oblong  shot  from 
rifled  barrels :  this  fortunate  discovery  has  led  to  the  attainment 
of  a  great  degree  of  precision  in  the  practice  with  such  missiles. 
This  subject  will  be  developed  hereafter. 

104.  III. — Employment  of  Double  and  Triple  Shot  in  Firing, — 
The  reason  wliich  has  been  given  for  the  occasional  use  of 
oblong  shot  leads  to  a  consideration  of  the  practice  of  firing 
two  or  more  balls  at  once  from  the  same  gun,  and  it  is  here 
intended  briefly  to  notice  its  defects  as  well  as  the  case  in  which 
it  may  be  advantageous. 
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It  must  be  observed,  first,  that  when  two  equal,  or  unequal, 
shot  are  projected  at  one  time,  they  issue  from  the  gun  with 
different  velocities  Vhich  may  be  determined  by  the  theory  of 
the  collision  of  bodies.  Thus,  the  velocity  communicated  by 
the  expansive  force  of  powder  to  a  single  shot  equal  to  either 
of  the  two  if  these  are  equal,  or  to  that  which  is  nearest  to  the 
charge  if  not  so,  being  determined,  suppose  by  the  second 
formula  in  Art.  71  (the  denominator  under  the  radical  sign 
being  the  weight  of  that  shot),  let  that  velocity  be  represented 
by  V ;  then,  e  representing  the  force  of  elasticity,  which  from 
the  results  of  some  experiments  may  be  expressed  by  the 
fraction  ^,  if  v  represent  the  required  initial  velocity  of  the  shot 
nearest  the  charge  and  v'  that  of  the  other ;  also,  if  w  and  w 
represent  the  weights  of  those  shot  respectively,  we  have,  by 
dynamics, 

tj  = -V  and  V  =  — ^— 7-V. 

to-f-io  w-\-w 

When  the  two  shot  are  equal  to  one  another,  these  formuloB 
become 

«=rl(l-e)V  and     i,'  =  l(l+e)V, 


or 


t?  =  — V  and  v=— V. 

y  y 


Now  the  velocity  of  a  shot  from  a  32-pounder  medium  gun, 
whose  length  is  9  feet  and  weight  50  cwt,  with  a  charge  of 
8  lbs.,  is,  by  computation,  equal  to  1693  feet  per  second 
(windage  =  .198) ;  while  with  two  balls  and  an  equal  charge 
the  velocities  would  be  753  feet  and  941  feet  The  greatest  of 
these  velocities  would,  therefore  (since  the  velocities  are  as  the 
square  roots  of  the  charges),  be  the  same  as  that  of  a  shot  pro- 
pelled singly  by  only  2^  lbs.  of  powder.  But  the  point-blank 
range  of  a  32-pounder  gun,  with  a  charge  of  2^  lbs.,  would  be 
less  than  300  yards,  while,  with  a  charge  of  8  lbs.,  it  is  610 
yards ;  tlius,  with  the  former  charge  and  a  single  shot,  or  with 
the  latter  charge  and  two  shot,  there  would  be  required  an 
elevation  exceeding  one  degree  to  obtain  ranges  equal  to  the 
point-blank  range  produced  in  a  single  shot  by  a  charge  of  8  lbs. 
In  using  two  shot,  therefore,  there  is  a  loss  of  accuracy,  not  only 
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arising  from  the  divergence  of  the  balls,  but  ako  from  the 
greater  elevation  which  is  required.  This  should  deter  us  from 
adopting  such  practice,  excepting  at  close  quarters,  when  it  is 
scarcely  possible  to  miss ;  and  never  with  carronades  after  one 
bieeehing  (for  they  should  always  have  two)  is  broken ;  nor,  as 
in  fighting  the  weather  side,  when  the  inclination  is  much  in  the 
direction  of  the  recoil. 

105.  In  practice  with  two  shot  there  are  some  other  causes 
of  irregidarity,  which  it  is  proper  here  to  point  out,  that  will 
further  show  how  little  it  can  be  depended  upon,  excepting  in 
dose  action.  Besides  a  diflTerence  of  range,  frequently  amount- 
ing to  above  a  hundred  yards,  there  is  also  a  lateral  divergence, 
which,  in  firing  at  ships,  at  long  ranges,  or  at  any  objects  whose 
magnitudes  are  not  sufficient  to  subtend  the  divergence  of  the 
balls,  incurs  a  considerable  risk  of  missing  entirely,  and  a  cer- 
tainty of  not  hitting  with  both.  If  the  balls  touch  each  otlier 
on  quitting  the  gun,  which  very  frequently  happens,  some 
deviation  must  arise,  according  to  the  nature  of  the  collision. 
If  it  be  direct,  one  ball  >vill  be  accelerated,  and  the  other 
retarded  by  the  blow.  But  this  will  rarely  happen — it  is  more 
likely  that  the  blow  will  be  oblique;  from  which  both  balls 
will  diverge,  very  considerably,  in  directions  compounded 
of  the  projectile  velocity  and  the  force  and  direction  of  the 
collision. 

In  firing  two  shot,  another  cause  of  deviation,  still  more 
destructive  of  accuracy,  is  operating  during  the  passage  of 
the  balls  along  the  bore;  particularly  when  the  windage  is 
great.  The  shot  nearest  to  the  charge  impelling  the  other 
will  evidently  be  forced  to  one  side  of  the  cylinder,  as  at 
A,  pressing  the  outward  ball  to  the  other  side,  B,  of  the 
bore.  From  this  it  is  manifest  that 
the  outward  ball  B  must  receive  an 
oblique  impetus  on  its  departure  from 
the  muzzle,  which  will  disturb,  from 
reaction,  the  direction  of  the  other. 
This  deviating  cause  may  either  ope- 
rate vertically  or  laterally:  in  the 
former  case  it  will  affect  the  elevation,  in  the  latter  case  the 
horizontal  direction,  of  the  shot's   path;    consequently  errors 
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will  exist  in  one  direction,  and  commonly  in  both  directions  *  at 
the  same  time.  . 

106.  It  has  been  found,  from  experiments  on  board  the 
"  Excellent "  (1847),  that,  in  firing  triple  shot  with  three  times 
the  elevation  required  for  a  single  shot,  the  balls  took  very  good 
directions,  but  one  fell  rather  short  of  the  mark,  and  the  others 
over  or  beyond,  and  that  the  carriage  did  not  appear  to  be  dis- 
tressed. The  gun  used  in  firing  the  three  shot  was  a  32-pounder, 
9  feet  6  inches  long,  and  weighing  56  cwt. ;  the  charge  was 
6  lbs.  It  would  probably  be  unsafe  to  fire  three  shot  from  a 
32-pounder,  weighing  but  50  cwt.,  even  though  the  charge  were 
reduced  to  5  lbs. ;  and  if  the  charge  were  less  than  5  lbs.  the 
penetrating  effect  of  the  three  shot  would  be  uncertain,  at  least 
beyond  50  yards.  It  has  been  observed  that,  on  running  along- 
side of  an  enemy,  the  first  broadside  might  be  given  with  triple 
shot ;  and  it  is  supposed  that  triple  shot  might  answer  the  pur- 
pose against  flotillas  of  gun-boats  at  distances  not  exceeding  400 
or  500  yards. 

107.  After  a  few  firings  from  the  same  gun  a  certain  diminu- 
tion of  the  charge  becomes  necessary ;  for,  the  gun  being 
already  heated,  the  powder  on  being  introduced  ignites  more 
completely  than  at  the  commencement  of  the  firing,  and  thus 
its  expansive  force  is  increased :  hence  considerable  provision  of 
reduced  charges  among  the  quantity  at  filled  ammunition  should 
always  be  made ;  it  would  even  be  convenient  if  some  regulated 
proportions  between  the  numbers  of  the  full  and  of  the  reduced 
charges,  to  be  used  with  single  and  with  double  shot,  were  made 
and  adhered  to.  In  the  United  States'  service  there  are  used 
two  reductions  of  the  full  charge,  or  three  charges  in  all,  viz., 
.\,  ^,  and  ^  of  the  weight  of  the  shot,  and  the  cartridges 
of  all  three  are  painted  with  different  coloiu^.  In  the  Frencli 
service,  of  the  total  of  filled  ammunition,  ^  are  full  charges, 
{\j  are  charges  first  reduced,  and  the  remainder  are  still  fiirther 
reduced.  Care  should,  however,  be  taken  that  the  diminished 
eharges  are  not  rendered  too  low,  since  the  penetrating  force 


*  It  is  said  lolxj  a  nilc  in  the  naval  service  of  the  United  States  not  to  fire 
(loulilc  shot,  even  at  400  yards,  from  <^nns  of  less  calibre  than  32-]iounders 
(11'////,  ]),  S2);  ami  never  with  3'-'-jKiunders  nn«lcr  ii\  cwt.  (r.iirenu  of  Urd- 
iiaiice,  JSlf)). 
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may,  at  the  same  time,  be  so  far  reduced  as  to  render  the 
shot  incapable  of  perforating  a  side  of  an  enemy's  ship.  This 
circumstance  occurred  in  the  action  between  the  "  Shannon  "  and 
the  "  Chesapeake,"  on  the  termination  of  which  some  shot  from 
each  of  the  ships  were  foimd  sticking  in  a  side  of  the  other.  In 
this  case  either  the  charges  were  too  much  reduced,  or  the 
weight  of  metal  projected  was  too  great.  Had  these  shot  per- 
forated the  side  wliich  they  struck,  the  most  serious  consequences 
might  have  ensued. 

108.  In  all  naval  actions  the  essential  point  is  to  insure  penc- 
trajbing  force  sufficient  to  drive  the  projectiles  tlirough,  or,  at 
least,  into  the  opponent's  ship,  whatever  may  be  her  position. 
This  point  ap])cars  to  have  been  somewhat  lost  sight  of  on 
several  occasions  during  the  last  great  war ;  and  it  may  be  feared 
that,  in  carrying  so  far  as  is  proposed  the  use  of  hollow  shot  and 
a  plurality  of  projectiles,  the  momentum  will  be  too  much 
diminished,  particularly  in  the  employment  of  shell-guns. 
Naval  actions  are  subject  to  such  sudden  and  imforseen  muta- 
tions in  the  positions  of  the  contending  ships,  and  are  liable  to 
fiuch  great  alterations  in  the  distances  of  tlie  sliips,  that,  until 
the  affair  becomes  close  and  the  struggle  is  near  its  termination, 
no  two  rounds  can  well  be  fired  exactly  under  the  same  circum- 
stances. .  An  affair  which  had  commenced  in  parallel  order  and 
in  direct  broadside  battle,  at  well-ascertained  distance,  may 
speedily  change,  altogether,  its  circumstances  and  aspects.  The 
enemy  may  be  suddenly  brought  into  a  position  in  which  he  is 
exposed  to  oblique,  diagonal,  or  raking  fire ;  and  for  this  an 
experienced  commander  should  always  be  prepared.  In  every 
case  he  should  ensure  the  penetration  of  his  projectiles  into  and 
through  the  whole  dimension  of  the  enemy's  ship,  however  she 
may  be  struck.  Accordingly,  he  must  not  carry  too  far  the 
theoiy  that  the  greatest  ravages  which  can  bo  produced  by  a 
projectile  on  the  object  wliich  it  strikes  is  when  tlio  striking 
velocity  is  just  sufficient  to  penetrate  a  stationary  body,  because 
if  this  be  too  strictly  followed  in  direct  action,  there  would  be 
no  perforation  at  all  in  the  event  of  the  enemy  being  stnick 
obliquely.  It  is  not  possible  to  foresee,  it  would  not  be  prudent 
to  prescribe,  wliat  particular  descriptions  of  projectiles  or  what 
particular  cliarges  may  be  required  to  take  proper  advantage  of 
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different  positions ;  but  it  has  often  happened  that  penetrating 
force  has  been  improperly  sacrificed  to  the  practice  of  double  or 
triple  shotting ;  and  thus  when,  by  superior  skill,  the  antagonist's 
ship  has  been  suddenly  brought  to  a  position  in  which  it  is 
exposed  to  a  diagonal  or  a  raking  fire,  the  penetrating  force  has 
not  been  suflScient  to  perforate  it,  or  otherwise  do  upon  it 
effectual  execution.  Seamen  are  prone  to  overload  their  guns 
with  shot  in  close  action ;  and  many  instances  of  this  may  be 
found  in  descriptions  of  naval  engagements  which  might  have 
terminated  differently  had  the  projectiles,  which  only  stuck  in 
the  side,  gone  through  the  ship.  This  practice  accounts,,  in 
some  degree,  as  Captain  Binmions  observes  in  his  '  Ideas  as  to 
the  Effect  of  Heavy  Ordnance,  &c.'  (page  69),  for  the  compara- 
tively little  damage  done  to  the  hulls  of  line-of-battle  ships  in 
general  actions. 

109.  In  the  action  between  the  "Chesapeake"  and  the 
"  Shannon,"  iron  bolts,  as  well  as  chain  and  bar  shot,  were  found 
sticking  in  without  penetrating  the  side  of  the  latter.  Five  18- 
pounder  round  shot  struck  without  penetrating  into  the  "  Chesa- 
peake ;*'  but  all  the  32-pound  shot  (carronades)  that  struck  per- 
forated the  sides ;  none  of  these  last  struck  the  masts  high  up, 
and  only  one  the  bowsprit;  but  some  18-pounder  round  shot 
struck  the  masts  20  and  25  feet  above  the  decks.  So  far  it 
appears  that  the  carronades  were,  probably  in  part  owing  to 
their  small  windage,  truer  than  the  18-pounder  guns. 

The  report  from  which  these  facts  were  taken  was  made  by 
the  carpenter  of  the  "  Shannon,"  by  order  of  Lieutenant,  now 
Eear- Admiral  Wallis,  an  oflScer  of  the  highest  distinction  and 
merit,  who  served  on  board  the  "  Shannon  "  during  the  action. 
The  effect  of  the  shot  on  these  ships,  >vith  respect  to  penetration, 
affords  many  useful  practical  deductions,  and  is  therefore  given 
in  full  in  the  subjoined  note.* 


*  An  account  of  shot  which  entered  His  Majesty's  ship  "  Shannon,"  in  the 
action  with  the  "  Chesaixjake,"  June  1st,  1813  : — 

Shot,  round  32-pounder,  cut  away  in  the  wake  outer  gammoning,  2  in.  deep ; 

grape,  7  in  number,  lx;tween  4  in.  and  7  in.  deep. 
Forvmast. — Shot,  roimd  32-pound(.T,  4  in.  deep,  15  feet  above  deck. 
Maitniwst. — 32-ix)Under,    main-deck,  1,  depth  l^in. ;    18-pounder,  10  feet 

above  deck,  1|  incli.  deep  ;  grape,  10  feet  above  deck,  2  in.  deep ;  gmpe, 
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110.  Double  sliottiug  may  be  used  with  all  32-pounder  guns 
above  those  of  32  ovt,  at  distances  not  excueding  400  or  500 


IJ  in,  deep  in  different  places;  cliain,  1,  depth  IJ  in.,  15  feet  above  deck, 

3  feet  deep  ;  grazes  in  several  places,  1  in.  deep. 
Mizenmast, — 32-pounder,  round,  16  feet  above  deck,  3  feet  split  away  in 

breadth,  5  feet  up  and  down,  and  G  in.  deep ;  grajjc,  4  do.  abreast,  3  in. 

deep. 
Cutwater  and  Knee  of  the  Head, — 32-pounder,  round,  2  in  nunilxjr,  through  ; 

18-pounder,  round,  near   the   same  place  ;   32-]:)ounder,  round,  in  the 

hawse  holes ;  hawse  jneccs  split  away  under  the  knee ;  several  grape  2  in. 

dee]>. 
Bows, — 32-pounder,  roiuid,  through  bows ;  knight-heads  shot  away  ;  several 

grape  through  bulwark. 
Between  1st  and  2nd  Guns, — 18,  roun<l,  through  ;  18-pounder,  romid,  2  in. 

deep. 
Under  Fore  Chains,  between  ^rd  and  ^th  Guns, — 32-iK>under,  round,  through 

forecastle ;  G  gra].x!,  2  in.  deep. 
Water's  Edge,  Foi-e  Cluiius, — Shot,  18-ix)under, through  ;  chain,  dejith  3  in.; 

2  grai)e,  3  in.  deep  ;  1  bolt,  iron,  10  in.  deep,  and  G  chain-] >late8. 
Between  5th  and  Qth  Guns  in  the  IVale. — 32-pounder,  round,  2,  10  in.  deep; 

18-pounder,  round,  through ;  2  grajK),  4  in.  deep  ;  7  grai)e,  5  in.  deep. 
Water's  Edge,  1th  Gun, — Chain,  1,  5  in.  deep ;  G  grajxj,  4  in.  deep. 
Main  Chains,  Sth  and  dth  Guns. — 32-j)ounder,  round,  through ;  1  canister, 

6  in.  deep ;  18-pounder,  round,  4  in.  deep  ;  4  bar-shot,  8  in.  deep. 
Water's  Edge,  iOth  6rM/?.-^18-|K)under,  through;  12  grape,  3  in.  deep;  4 

chain-x)late8 ;  1  bolt,  3  in.  deep ;  G  graix;,  3  in.  deep  ;  32-ix)under,  round, 

through  larboard  side. 
12^A  Gun,  Water's  Edge,   Channel   WaJe, — 18-pounder,  round,  through  ;  3 

grape,  3  in.  deep ;  32-p(>under,  round,  through  ;  4  grape,  2  in.  deep. 
13^A  Gun,  Mizen  Cnains,  Water's  Edge. — Iron  bolts,  2  in  nuiuKr,  through 

2  chain-plates  ;  5  gra^KJ,  2  in.  deep. 
l^th  Gun  in  the  Wale, — 18-pounder,  round,  through  ;  1  grape,  3  in.  deep. 
Quarter  Gallery  in  the  Wcde, — 32-T)Ounder,  roiuul,  through ;  G  gra^KJ  through. 
Forecastle, — Grape  shot,  20,  through ;  larboard  buinpin  sln.)t  away  ;  fore  chan- 
nel shot  away ;  forecastle  and  waist  hanuii(x.'k  stanchions  shot  away. 
Bulwarks — Quarterdeck, — Main  chains  or  above,  32-pomidor,  round,  through  ; 

10  grajxi,  3  in.  deep.     Main  chains  nnich  shot  away  ;  18-pounder,  round, 

through,  3  grafie  through.     Mizen  chains  or  alx>ve,  32-i)ounder,  round, 

through  ;  10  gra[XJ  through.     Mizen  chains,  much  shot  away. 

H.M.S.  "  Shannon." 

(Signed)         P.  W.  P.  Wali.is,  Commanding  Officer; 

Captain  at  Sick  Quarters. 


An  account  of  shot  which  entered  the  sides  of  the  American  frigate  "  Chesa- 
peake," in  the  action  with  His  Majesty's  ship  "  Shannon,'*  June  Ist,  1813  : — 

Bowsprit, — 32-ix)under, -round,  inside  gammoning,  3  in.  deep;  outside  do.,  7 

graiKJ,  3  in,  dc«p. 
Foremast. — 2  gra|)C,  10  in.  deep,  G   feet  alK)ve  deck;  4  gi"ape,  4  in.  deep,  20 

feet  al>ove  deck  ;  18-j>ounder,  round,  4  in.  (le(?p,  20  Iwt  alH)ve  deck. 
Mainmast, — 18-pounder,  round,  5  in.  <lei'p,  5  feet  from  main-<leck  ;  O-pounJer, 

round,  10  in.  dee]),  12  feet  above  quarter-deck ;  2  gr;ll^e,  10  in.  deep,  20 

feet  above  deck .  j\Iizt: n  mast .  — 
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yards,  but  the  most  efficient  practice  with  two  shot  is  at  300 
yards ;  the  32-pouiider8  of  32  cwt  and  25  cwt.  should  not,  how- 


Mizenmast. — 7  grape,  3  in.  deep,  10  feet  above  quarter-deck ;  IS-ponnder. 
round,  6  in.  deep,  12  feet  above  deck ;  4  grape,  3  in.  deep,  16  feet  above 
deck. 

1  Fife  Hail,  Larboard  Head, — 8  grape  through. 

under        „  4  grape  through. 

Bluff  of  Bows. — 18-pounder,  round,  6  in.  deep. 

Do.  4  18-pounder8,  round,  8  in.  deep  ;  30  grape,  8  in.  deep. 

2nd  and  Zrd  Guns  under  Fore  Chains — in  the  TTaZ^s.— -4  grape,  3  in.  deep ;  2 

grai)e,  2  in.  deep. 
Srd  and  4ith  Ouns,~-6  grape  through ;  8  grape,  3  in.  deep. 
4th  Qun  under  Channel.--^  grape,  4  in.  deep. 
Fore^chain  Plates. — Shot  away. 

iUh  and  1th  Guns,  between. — 9  grape-shot,  3  in.  deep.  . 
1th  Gun  in  the  Wale. — 18-pounder,  round,  through  ;  11  grape,  2  in.  deep. 
9^^  Gun  under  Main  Chains. — 5  grape,  2  in.  deep. 
13^^  Gun,  side. — 2  18-pounder8,  round,  through. 
J)o.,  water's  edge. — 32-pounder,  round,  2  through  ;  2  grape,  2  in.  deep. 
Aftermost  Port,  waters  e<%fe,— 2  32-pounder8,  round,  through ;   18-pounder, 

round,  through ;  1  pump-bolt  through ;  3  grape,  2  in.  deep. 
Quarter  Gallery,  Foremast  Wale, — 3  32-pounder8,  round,  through ;  10  grape 

through ;  fram&-work  all  carried  away. 
4:  feet  abaft  After  Port. — 2  32-pounders,  round,  through ;  3  grape,  2  in.  deep. 
9  feet  abaft  After  Port. — 2  32-pounder8,  round,  throu^. 
Sfeet  above  Watef's  Edge,  in  the  i?Mn.— -32-pounder,  round,  through. 

2  feet  from  Stem  Ports — 2  feet  above  Water's  Edge. — 18-pounder,  round,  14 

in.  deep ;  32-pounder,  round,  through ;   12  grape,  3  in.  deep ;  stem- 
ports,  2  18-pound6r8,  round,  3  in.  deep. 
Starboardside  Counter, — 7  planks,  through ;  stem  ports  carried  away ;  grape, 

10,  through.  • 
Upper  Counter. — 18-pounder,  round,  through. 
Bidwarks : — 

Forecastle. — 60  grape,  through ;  2  IS-pounders^  round,  through. 
Above  Chains.-r-^  gnipe,  through  3  chain-plateis. 
Main  Chains. — 5  grape  through. 
Mizen  Chains. — 12  grape,  3  in.  deep. 

Abaft  Ditto. — 18-pounaer,  round,  through ;  6  grape,  3  in.  deep. 
United  States'  Frigate  «  Chesapeake." 

(Signed)  P.  W.  P.  Wallib,  Commanding  OflBcer. 

[It  is  remarkable,  that  there  was  found  sticking  in  the  "Chesapeake"  a 
pump-lx)lt  which  had  been  fired  from  the  "Shannon,"  no  doubt  without 
authority.  It  is  stated  in  James'  *  Naval  History,'  vol.  vi.  p.  201,  that  the 
**  Shannon's  "  main-deck  gims  were  loaded  alterately  throughout  the  broad- 
side with  two  round  shot  and  a  keg  containing  150  musket-balls,  and  with 
one  round  and  one  double-headed  shot.  Seeing  that  no  vestiges  or  impres- 
sions of  double-headed  shot  were  found  in  the  "Chesapeake,"  the  author 
applied  to  the  gallant  and  distinguished  oflBcer  who  instituted  and  certified 
the.  above  surveys,  for  information  which  might  account  for  this  discrepancy. 
Cai>taiii  Wallis  states,  in  reply,  that  no  double-headed  shot  were  fired  from 
the  "Sliaiinon;"  that  the  main-deck  guns  were  loaded  alternately  with  two 
romul  sliots,  and  with  one  round  shot  and  grape;  that  kegs  of  musket-balls 
were  not  fiivd  as  stated  ;  that  only  a  few  of  these  were  provided  for  the  boat's 
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ever,  be  so  used  beyond  200  or  250  yards.  Shell-giins  of  65 
and  60  cwt.,  of  the  old  construction,  cannot  use  double  shot 
beyond  200  yards ;  and  at  that  distance  they  can  only  use 
hollow  shot,  with  a  charge  of  5  lbs. 

With  charges  of  6  lbs.  for  the  32-pounders  of  56  cwt.  and 
50  cwt. ;  of  5  lbs.  for  those  of  45  c^-t.  and  42  c\vt ;  4  lbs.  for 
those  of  32  cwt,  and  3  lbs.  for  those  of  25  cwt.,  the  guns  re- 
coiled with  a  considerable  degree  of  violence;  the  charges, 
therefore,  have  been  reduced  to  5,  4,  3,  and  2^  lbs.  respectively. 
With  these  charges  the  recoil  was  found  to  bo  easy ;  the  guns 
may  be  fired  throughout  an  action  without  injury  to  their  tack- 
ling, or  to  the  ring-bolts,  and  at  400  yards  the  penetration  is 
sufficient. 

With  double  loadings  of  round-shot  and  grape,  when  the  shot 
is  put  in  first,  the  projectiles  range  more  together  than  when 
the  reverse  process  is  used;  such  loading  requires,  however, 
more  elevation  to  be  given  to  the  gun  tlian  when  single  shot  are 
used,  on  account  of  the  grape-shot  impeding  the  flight  of  the 
other. 

A  double  load  of  grape  from  the  same  gun  ranges  tolerably 
well  together  for  300  yards.  With  a  double  load  of  case-shot, 
even  with  lialf  a  degree  more  elevation  than  when  a  single  load 
is  used,  a  great  many  balls  will  not  range  above  100  yards  to 
the  first  graze ;  within  this  extent  they  lose  much  of  their  velo- 
city, and  few  reach  an  object  at  200  yards. 
.  A  32-pounder  gun  of  56,  or  of  50  cwt,  double  shotted  with 
charges  of  6  lbs.,  requires,  at  400  yards,  1  J°  of  elevation ;  at 
300  yards  1°,  and  at  200  yards  half  a  degree ;  and,  in  general, 
half  a  degree  must  bo  added  with  any  double  loading,  to  the 
elevation  required  with  single  shot. 

For  round  and  grape,  at  400  yards,  there  is  required  lj°  of 
elevation,  and  at  200  yards  half  a  degree.  These  projectiles 
range  well  together  at  a  target,  but  they  should  not  be  used  at 
a  greater  distance  than  150  yards,  on  account  of  their  dispersion. 


12-ix)under  carronailcs.  AVliether  any  mnsket-balls  were  put  into  the  quarter- 
deck guns,  he  (Captain  Wallis)  could  not  say;  Imt  lie  thinks  not.  The 
**  Che8aj)eake  "  tired  round  sliot,  grape,  canister,  double-headed,  star,  chain- 
shot,  and  other  missiles,  such  as  iron  bolts  and  Imre,  about  three  feet  long, 
bound  together,  and  buck-shot  in  her  musket  cartridges. — Author.] 
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and  the  diflferences  of  tlieir  striking  velocities  and  penetrating 
forces. 

With  single  grape  (a  plurality  of  projectiles)  at  400  yards, 
the  elevation  required  is  1°,  a  full  charge  of  powder  being  used. 
With  double  grape,  at  400  yards,  and  the  reduced  charge,  the 
elevation  required  is  3^° ;  at  that  distance  double  grape  scatters 
so  much  as  to  make  very  bad  practice. 

111.  There  is  some  diflference,  particularly  with  heavy  guns, 
in  the  times  required  for  loading  with  single  and  with  double 
shot ;  and  when  vessels  are  engaged  so  closely  as  to  be  within 
double-shot  action,  and,  consequently,  the  most  rapid  firing 
should  take  place,  it  is  evidently  of  the  utmost  importance  to 
reduce  as  much  as  possible  the  time  of  loading.  Other  tilings 
being  equal,  a  ship  which  can,  in  the  shortest  time,  give  a  second 
broadside,  will  have  a  great  advantage  over  her  opponent; 
and,  in  order  to  effect  this,  it  is  recommended  to  have  ready  a 
few  rounds  of  double  shot  sewed  up  in  thin  canvas,  with  a  little 
oakum  between  the  shot,  and  the  whole  secured  by  a  line  passed 
round  between  them,  no  wadding  being  used. 

112.  IV. — The  effects  of  Windage  on  Correct  Firing  and  on 
the  Velocity  of  Shot. — ^Windage  is  the  difference  between  the 
diameter  of  the  shot  and  the  calibre  of  the  piece  of  ordnance ; 
and  its  amount  for  different  natures  of  ordnance  is  given  in 
Table  XXIV.,  Appendix  B. 

From  experiments  which  have  been  made  on  this  important 
subject  it  appears  that  very  great  differences  in  the  initial  velo- 
cities of  shot  arise  from  very  small  differences  in. the  windage: 
that,  with  the  degree  of  windage  formerly  established  in  the 
British  service,  no  less  than  between  one-third  and  one-fourth  of 
the  powder  was  lost ;  and  that,  as  balls  are  often  less  than  the 
regulated  size,  it  frequently  happened  that  half  the  force  of  the 
powder  was  lost  by  unnecessary  windage. 

113.  In  the  account  of  the  Artillery  Practice  carried  on  at 
Gavre,  between  the  years  1830  and  1840,  there  is  given  a 
method  of  determining  by  experiment,  approximatively,  and  from 
an  empirical  formula,  the  effect  of  windage  on  the  initial  velo- 
city of  shot.  In  this  it  is  shown  that  a  windage  equal  to  .0512 
inch  reduces  the  initial  velocity  in  the  ratio  of  1.14157  to  1,  and 
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a  windage  equal  to  .3189  inch  reduces  it  in  the  ratio  of  1.6377 
to  1 ;  comparison  being  made,  in  both  cases,  with  a  velocity  re- 
sulting from  the  windage  being  zero. 

114.  From  subsequent  experiments  at  L'Orient  with  the  30- 
ponnder  long  gun,  it  appeared  that  the  loss  of  velocity  on  ac- 
count of  windage  was  independent  of  the  weight  of  the  projectile, 
and  was  proportional  to  the  lunaric  area  between  a  great  circle 
of  the  shot  and  a  transverse  section  of  the  bore.    Now  K  being 

R*— r" 
the  semidianieter  of  the  bore,  and  r  that  of  the  shot,  — pi —  will 

-*• 

express  the  ratio  between  the  lunaric  area  and  the  area  of  a 
section  of  the  bore ;  and  the  loss  from  windage  may  be  repre- 
sented by 

R«-r« 


K. 


W 


K  being  a  constant  which  depends  on  the  charge. 

Major  Mordecai  found,  however,  that  the  above  formula  does 
not  give  results  in  accordance  with  his  experiments  at  Washing- 
ton ;  and  he  agrees  with  Dr.  Hutton  in  considering  that  the  loss 
of  velocity  by  windage  is  proportional  to  the  linear  value  of  the 
windage,  or  to  the  difference  between  the  diameters  of  the  bore 
and  shot.  (See  Art  70.)  He  also  found  that,  with  a  given 
windage  and  corresponding  charges,  the  loss  of  velocity  decreased 
as  the  calibre  of  the  piece  was  increased. 

In  some  experiments  which  were  made  in  Sweden  in  1846, 
with  cylindro-oonoidal  shot  projected  from  a  rifled  gun,  the  loss 
of  velocity  occasioned  by  windage  was,  in  part,  avoided  by 
pasting  paper  round  the  shot.  The  initial  velocities  of  balls 
stripped  to  sabots  are  rather  greater  than  those  of  balls  without 
sabots,  probably  because  the  force  of  the  cTiarge  is  increased  in 
consequence  of  the  escape  of  the  gaseous  fluid,  by  the  windage, 
being  in  a  great  measure  prevented. 

115.  The  prejudicial  effect  which  great  windage  has  upon 
accuracy  arises  from  the  reflections  of  the  ball  in  passing  along 
the  bore.  These  will  manifestly  be  greater  in  proportion  as  the 
difference  between  the  diameter  of  the  shot  and  the  calibre  of 
the  gun  increases.  From  these  reflections  a  shot  acquires  a 
sort  of  zigzag  motion,  and  does  not  generally  quit  the  cylinder 
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in  the  direction  of  its  axis.  If  the  last  bound  be  npon  the  lower 
part  of  the  bore,  the  angle  of  the  shot's  departure  will  be  in- 
creased ;  if  above,  diminished :  these  affect  the  length  of  range. 
K  the  last  reflection  be  on  either  side,  right  or  left,  of  the  bore, 
the  direction  will  be  jJt^red;  and  in  every  case  the  friction 
arising  from  these  rubs  will  give  the  ball  an  irregular  whirling 
motion,  productive  of  inequalities  in  the  resistance  of  the  air, 
unless  the  rotation  be  at  right  angles  to  the  direction  of  the 
projectile's  flight.  A  high  degree  of  windage  may  have  been 
necessary  when  guns  were  imperfectly  bored,  and  shot  incorrectly 
cast ;  but  proofs  of  the  accuracy  of  both  are  now  so  rigid,  that 
no  allowance  need  be  made  for  any  errors  of  construction. 

IIG.  It  is  well  known  that  the  diameter  of  the  shot  is  the 
datum  from  which  the  quantity  of  windage  and  the  calibre  of 
the  gun  were  originally  determined.  Thus  the  diameter  of  the 
shot  was  supposed  to.be  divided  into  20  parts — one  of  these  was 
allowed  for  windage,  and  the  calibre  of  the  gun  made  equal  to 
the  sum  of  that  diameter  and  windage.  Thus  the  diameter  of  a 
24  lb.  shot  being  5.547  in.,  ^  of  it,  or  .277,  was  allowed  for 
windage,  and  5.547  +  .277  =  5.824  in.,  was  the  calibre  of  the 
gun. 

This  degree  of  windage  was  exclusively  observed,  tiU  the  pro- 
prietors of  the  Carroh  Company,  avaih'ng  themselves  of  the  dis- 
coveries made  in  the  ballistic  experiments  in  favour  of  reduced 
windage,  determined  to  apply  the  principle  in  the  construction 
of  their  carronades ;  but  as  no  alteration  was  made  in  the  wind- 
age for  guns  (which  .  should  have  been  done  by  increasing  the 
diameter  of  the  shot),  the  Carron  Company  lessened  the  calibres 
of  their  new  ordnance,  to  admit  ordinary  shot  with  reduced 
windage,  by  which  great  confusion  and  complications  arose  in 
the  windage,  not  only  of  shot  but  of  shells  also.  The  shells  for 
guns  were  of  the  same  diameter  as  the  shot,  but  carronade  shells 
were  smaller  by  about  .1  of  an  inch.  Now  if  carronades  admit 
ordinary  shot,  there  can  be  no  reason  why  their  shells  should  be 
smaller; — that  is,  there  can  be  no  reason  why  the  windage 
should  be  greater  for  a  shell  than  for  a  shot.  This  indeed  is 
practically  admitted  by  the  windage  allowed  for  mortars  and 
howitzers,  which  is  only  .15  of  an  inch  for  all  natures,  except- 
ing the  4§  inch,  which  is  .2  inch.     The  considerations  which 
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should  be  provided  for  in  determining  the  degree  of  windage 
are,  Isily,  the  expansion  of  shot  by  a  white  heat ;  2ndly,  the  in- 
crustation of  a  little  rust ;  3rdly,  the  foulness  of  the  cylinder  in 
continued  firing ;  and  4thly,  the  thickness  of  the  tin  straps  for 
wooden  bottoms. 

117.  The  degree  of  expansion  of  shot  by  white  heat  ia  found 
to  be  about  i^  of  the  diameter  of  the  shot  for  a  24-pounder  ;  ^^ 
for  a  16-pounder ;  and  ^  for  a  6-pounder. 

The  calibre  of  a  French  24-pounder  is  5  inches,  7.625  lines, 
and  the  windage  (  =  1.5  lines)  or  about  ^  of  the  calibre  of  the 
gun. 

The  calibre  of  a  French  8-pounder  is  3  inches  11  lines,  or  47 
lines ;  and  the  windage  is  one  line,  or  ^  of  the  calibre  of  the 
gun. 

If  then  the  windage  must  be  proportioned  to  the  shot  or  gun, 
it  may  safely  be  decreased  to  -^^  or  at  most  to  ^  of  the  calibre. 
These  degrees  of  windage,  and  the  corresponding  diameters  of 
balls,  are  shown  in  the  following  table  ;  in  the  seventh  column 
of  which  the  present  degree  of  ydndage  is  inserted  to  show  the 
diflferences. 
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3 

3.013 

.086 

2.927 

.075 

2.938 

.14 

1 

2.019 

•058 

1.961 

.05 

1.969 
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118.  But  it  may  be  asked,  why  should  the  difference  between 
the  diameters  of  the  baU  and  cylinder,  which  may  be  neces- 
sary to  permit  the  shot  to  enter  freely,  vary  with  different 
cylinders?  The  impediments  to  its  entrance  bear  no  relation 
to  the  magnitude  of  the  cylinder  or  ball,  excepting  the  expan- 
sion of  the  latter  by  heat;  and  that,  in  the  largest  balls,  is 
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only,  on  an  average,  i^  of  the  calibre,  or  J  of  the  proposed 
windage  ^.  The  windage  of  carronades  recognises  this  rea- 
soning ;  for  it  is  fixed  at  .15  of  an  inch  for  the  three  higher 
natures,  viz.  for  68,  42,  and  32-pounders;  .14  is  allowed  for 
24-pounders ;  .12  for  18  and  12-pounders ;  and  .15  is  the  allow- 
ance for  the  windage  of  all  the  higher  natures  of  mortars  and 
howitzers. 

Suppose  the  windage  of  a  24-pounder  carronade  (.14  of  an 
inch)  were  adopted  for  all  the  higher  natures  of  ordnance ; 
this  in  the  24-pounders  would  be  ^  of  the  calibre;  but  the 
French  allowance  is  only  ^  of  the  calibre  in  the  24-pounders. 
Now  no  degree  of  foulness  from  quick  firing,  and  no  coating 
of  rust  that  should  be  suffered  to  remain,  or  can  well  remain 
on  a  shot,  is  equal  to  .07  (about  ^)  of  an  inch,  which  a 
windage  of  .14  would  allow.  If,  therefore,  we  adopt  .14  for 
the  windage  of  heavy  guns,  we  proceed  upon  a  certainty  in 
the  improvement;  but,  perhaps,  .13  of  an  inch  is  windage 
sufficient  for  all  natures  of  guns  and  carronades,  from  the 
68-pounder  ccirronade  to  the  12-pounder  inclusive;  and  down- 
wards from  the  9-pounder  gun  inclusive,  .1  or  .11  may  be 
recommended. 

This  important  reform  would  admit  of  a  considerable  saving 
of  powder ;  for  those  velocities  which  at  present  require  charges 
of  ^  the  weight  of  the  shot^  might  be  produced  with  smaller 
quantities  of  powder.  We  should  also  have  greater  accuracy 
in  practice,  and  consequently  greater  effect;  but  a  series  of 
experiments  should  be  made,  before  this  scale  is  altered,  to 
ascertain  whether  shot  of  the  proposed  magnitude  will  roll 
freely  home,  repeating  these  trials  with  a  great  many  new  shot, 
and  in  a  great  many  guns.  Also  trials  should  be  made  with 
the  new  shot  heated  to  white  heat,  and  with  cold  shot  under  the 
various  circumstances  of  foulness  from  quick  firing,  and  the 
incrustations  of  rust. 

119.  But  whether  a  new  scale  of  windage  be  adopted  or  not, 
it  is  important  that  shot  be  protected  as  much  as  possible  from 
those  vicissitudes  which  are  continually  operating  to  diminish 
their  size,  and  consequently  to  increase  the  windage.  Every 
possible  precaution,  therefore,  should  be  used  to  keep  shot  from 
rust  by  painting  or  greasing  them,  and  to  keep  them  as  dry 
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as  possible — perhaps  some  better  way  of  storing  them  might 
be  found  than  throwing  them  promiscuously  into  the  shot- 
lockers.  When  shot  are  cleaned,  the  rust  should  be  carefully 
rubbed  off,  and  not  beateri  off  with  hammers.  This  mode  of 
cleaning  shot,  as  practised  in  the  arsenals^  should  be  strictly 
prohibited;  and  also  the  more  destructive  method  of  putting 
a  number  of  rusty  balls  into  a  rotatory  machine,  in  which  they 
are  literally  ground  to  very  reduced  magnitudes,  and  the 
windage  prodigiously  increased.  It  is  useless  to  consider  the 
effects  produced  by  a  minute  regulation  of  windage  so  long  as 
such  practices  continue.  These  precautions  should  be  strictly 
observed,  for  if  the  degree  of  windage  demand  rigid  and  nice 
restriction,  it  is  no  less  important  to  secure  it  from  increasing, 
and  this  can  only  be  done  by  carefully  protecting  tlie  shot  from 
all  destructive  agents  and  operations. 

120.  The  preceding  remarks  (Arts.  114-119)  on  windage, 
having  been  brought  under  the  consideration  of  the  Master- 
General  of  the  Ordnance  in  1817,  his  Lordship  referred  the 
paper  to  the  consideration  of  a  select  committee  of  artillery 
oflScers,  who  stated  in  their  Report  that  "  tliey  were  very 
desirous  that  experiments  should  be  made  with  a  view  to 
ascertain  to  what  extent  the  benefits  which  the  author  of  this 
work  had  anticipated  could  be  realised."  The  committee 
therefore,  proposed  to  the  Master-General  to  be  permitted  to 
make  a  course  of  experiments  on  this  subject,  commencing  with 
field  artillery,  and  for  that  purpose  recommended  that  a  pro- 
portion of  shot  of  various  increased  magnitudes  should  be  pro- 
vided. These  measures  having  been  approved,  a  course  of 
experiments,  founded  upon  the  suggestions  communicated  by 
the  author,  was  instituted  accordingly. 

After  repeated  trials  ydth  a  6-pounder,  a  9-pounder,  and 
a  12-pounder,  at  300,  600,  and  1200  yards,  it  was  proved, 
"that,  with  charges  of  powder  one-sixth  less  than  usual,  the 
larger  shot,  and  smaller  windage,  produced  rather  the  longest 
range." 

Recourse  was  also  had  to  the  ballistic  pendulum,  to  discover 
the  proportional  excess  of  momentum  of  the  larger  balls  over 
the  smaller ;  and  the  result,  after  a  very  satisfactory  course  of 
experiments,  assisted  by  the  scientific  research  and  well-known 
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mathematical  abilities  of  the  late  Dr.  Gregory  of  the  Royal 
Military  Academy,  corroborated  the  trials  by  ranges,  leaving  no 
doubt  of  their  accuracy. 

In  consequence  of  these  trials  the  Committee  fixed  the  quan- 
tity of  windage  for  field  guns  at  one-tenth  of  an  inch,  the  same 
as  had  been  suggested  by  the  author  (Art.  118). 

Now  it  is  dear  that  this  improvement  may  either  be  applied 
to  save  one-sixth  part  of  the  quantity  of  powder  provided  for 
field-service,  without  diminishing  the  power  of  range,  and  con- 
sequently to  economise,  without  detriment,  the  means  of  tran- 
sport of  ammunition ;  or  the  alteration  may  be  applied  to  produce 
longer  ranges,  if  this  be  preferried  to  the  economical  considera- 
tion. This  preference  has,  very  properly,  been  given,  and  the 
established  charges  adhered  to  accordingly. 

121.  A  great  collateral  advantage  has  followed  from  this 
correction  of  windage*  It  was  at  first  apprehended  that  the 
increased  effects  arising  from  the  additional  weight  of  shot  and 
diminished  windage  would  injure  brass  guns;  but  it  is  quite 
the  reverse.  With  the  reduced  quantum  of  windage,  guns  are 
much  less  injured  and  will  last  much  longer  than  formerly; 
and  this  has  been  so  well  ascertained  that,  in  consequence 
of  this  correction,  it  is  now  proposed  to  abandon  the  wooden 
bottoms  to  which  shot  were  fixed  for  the  purpose  of  saving  the 
cylinder,  substituting  for  them  the  paper  cap  taken  off  the  end 
of  the  cartridge.  This  being  put  over  the  ball  is  quite  suiS- 
cient  to  keep  it  from  rolling  or  shifting ;  whilst,  by  supporting 
or  fixing  it  thus,  the  centre  of  the  ball  coincides  with  the  axis 
of  the  cylinder,  and  the  space  for  windage  is  reduced  to  a 
complete  annulus,  which  admits  of  the  percussion  from  the 
charge  being  equally  received,  and  which  prevents,  or  very 
much  reduces,  that  injury,  or  indentation,  which  the  cylinder 
receives  when  the  ball  touches  it  on  the  lower  part  only ;  for 
wlien  the  space  for  windage  is  all  above,  the  action  of  the 
powder  is  exerted  in  a  manner  to  produce  that  effect  on  the 
bore,  near  the  seat  of  the  ball,  which  is  soon  discovered  in 
brass  guns.  With  iron  guns  the  exjiedient  of  putting  a  paper 
cap  over  the  ball  is  of  less  importance  as  far  as  the  preserva- 
tion of  the  bore  is  concerned,  iron  guns  being  not  so  sus- 
ceptible of  injury  as  those  of  brass ;  but  with  respect  to  accuracy 
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of  fire,  tho  expedient  will  not  fail  to  be  productive  of  good 
effect,  and  it  is  important  that  it  should  be  adopted'  in  Naval 
Gunnery, 

122.  Experiments  were  also  made  for  the  purpose  of  ascer- 
taining what  advantage  would  arise  from  diminishing  the  wind- 
age of  heavy  iron  ordnance  in  the  manner  proposed. 

For  this  purJ)ose  larger  shot,  having*  various  degrees  of  dimin- 
ished windage,  were  fired  from  an  iron  24-pounder,  ship  or 
garrison  gun,  with  the  service  charge  and  with  reduced  quan- 
tities of  powder ;  when  it  appeared  so  advantageous  that  the 
benefits  arising  from  a  reduced  rate  of  windage  should  also  be 
extended  to  the  higher  natures  of  guns,  that  the  Committee 
recommended  a  diminution  of  windage  to  .15  of  an  inch  for 
aU  natures  of  siege  and  garrison  guns  from  the  12-pounder 
upwards. 

The  importance  of  this  measure  is  perhaps  suflSciently  esta- 
blished by  tliis  decision;  but  as  it  is  moreover  necessary,  in 
cultivating  improvements  in  practical  science,  to  consult  the 
experience  of  actual  service  as  much  as  possible,  and  to  state 
any  strong  facts  that  may  have  occurred  to  guide  and  support 
us  in  such  pursuits,  it  is  important  to  exhibit  here  the  opinion 
given  by  a  late  very  gallant  and  highly  distinguished  artillery 
officer  *  in  a  letter  on  this  subject,  and  to  show  upon  what  solid 
grounds  that  opinion  was  formed.  • 


»  Lieutenant-Colonel  Sir  Alexander  Dickson,  K.C.B.,  who  commanded  tlie 
battering- train  at  all  the  sieges  in  the  Peninsula. 

"  Most  fully,"  says  this  officer,  "  do  I  subscribe  to  your  proposal  for  dimi- 
nishing the  windage  of  our  ordnance,  by  casting  shot  of  a  larger  size  than  the 
present.  Experiments  are  certainly  necessary  to  ascertain  how  small  this 
windage  may  be  made  with  safety ;  but  the  regulation  on  this  head,  as  prac- 
tised by  the  French,  affords  an  excellent  scale  to  follow,  and  the  rates  you 
propose,  of  .13  inch  for  heavy  ordnance  and  .1  inch  for  light  ordnance,  would, 
I  am  convinced,  answer  perfectly  well,  and  be  conducive  to  future  accuracy. 

**  I  remember  a  very  convincing  proof  of  the  advantage  of  high  shot,  which 
I  think  is  worth  mentioning. 

"  The  battering-train  was  assembled  at  Almeida  previous  to  the  siege  of 
Ciudad  Rodrigo,  and  there  being  a  great  deficiency  of  transport  to  bring  for- 
ward the  shot  from  the  rear,  it  became  a  very  important  object  to  collect  as 
many  as  possible  from  the  shot  belonging  to  the  fortress,  of  which  there  was 
a  considerable  quantity,  and  of  an  infinity  of  calibres.  In  order,  therefore,  to 
obtain  every  shot  that  would  answer,  gauges  of  the  full  diameter  of  our  24- 
pounder  bore  were  used,  and  every  shot  was  selected  as  serviceable  that  passed 
through  these  gauges ;  so  that  many  of  the  highest  balls  chosen  would  not, 
when  heated,  go  into  the  gim ;  and  this  1  ascertained  by  trial.     When  this 


90  NAVAL  GUNNERY.  Part  II. 

123.  There  could  be  no  doubt  of  the  advantages,  in  accuracy 
of  practice,  and  either  in  economy  of  powder  or  in  increase  of 
effect,  that  would  result  from  extending  this  improvement  to 
naval  guns;  but  here  we  were  met  by  a  very  formidable 
obstacle,  which,  so  long  as  it  was  permitted  to  exist,  prevented 
the  adoption  of  the  improvement  both  in  the  naval  and  in  the 
land-service  artillery.  This  obstacle  arose  from  our  having 
adopted  a  nature  of  ordnance  (carronades)  of  smaller  calibre 
than  guns  of  the  same  nature.  From  this  extraordinary 
anomaly  it  resulted  that  shot  for  carronades,  considerably  above 
guage,  were  received  in  the  arsenals  and  distributed  in  the 
service.  Ships  were  actually  sent  to  sea  stored  with  new  and 
perfectly  clean  shot,  which,  when  required  for  use,  were  inca- 
pable of  being  introduced  into  the  carronades,  the  incrustation 
of  rust,  which  in  those  days  was  permitted  to  form  itself  on  the 
shot  in  the  racks,  being  frequently  thicker  than  the  amount  of 
the  windage. 

The  matter  could  not  rest  thus.  Land-service  shot  of  mag- 
nitudes corresponding  to  the  windage,  .15  of  an  inch  (the 
quantity  fixed  by  the  Committee  for  siege  and  garrison  ord- 
nance), cannot  be  issued  to  the  navy,  because  they  cannot  be 
used  with  carronades;^ and  as  this  species  of  ordnance  is  fre- 
quently used  in  land-batteries  also,  two  sorts  of  shot  were 
rendered  ifecessary  for  land-service.  The  only  perfect  remedy 
for  these  evils  was  to  re-bore,  or  ream  ovi,^  all  existing  car- 
ronades to  equality  with  the  calibres  of  guns;  to  introduce 
one  uniform  system  of  windage  for  all  natures  of  ordnance; 
and,  consequently,  to  have  but  one  scale  for  the  gradations  of 
shot.^ 

operation  had  been  completed,  the  selected  shot  were  again  tried  with  a  gaiij^e 
rather  smaller  than  the  ordinary  24-pounder  shot  gauge,  and  all  that  went 
through  it  were  rejected  as  too  small.  The  number  of  very  high  shot,  how- 
ever, amounted  to  two  or  three  thousand ;  and  as  I  know  they  were  brought 
forward  in  the  latter  part  of  the  siege,  it  has  always  been  to  the  use  of  these 
shot  that  I  have'  attributed  the  singular  correctness  of  the  fire  in  making  the 
smaller  breach ;  for  although  the  battery  was  from  500  to  600  yards  distant 
from  its  object,  every  shot  seemed  to  tell  on  the  same  part  of  tlie  wall  as  the 
preceding  one.  Now,  this  was  not  the  case  in  firing  with  common  shot  at 
such  a  distance ;  for  some  stiiick  the  wall  high  and  others  low,  although  the 
pointing,  as  the  best  gunners  have  assured  me,  was  carefully  the  same. 

"   A  term  for  scraping  out. 

^  'Die  author  proix)8ed  the  measure  to  the  late  General  Millar  some  time 
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Great  objection  was  at  first  raised  to  the  proposition,  bnt  it 
was  soon  afterwards  carried  into  effect.  The  advantage  thus 
obtained  seems  to  havS  led  to  the  practice  of  boring 'up  the  old 
guns  to  the  next  higher  calibre ;  in  order  that,  with  a  diminu- 
tion of  windage,  the  weight  of  metal  projected  might  be  in- 
creased. To  the  first  of  these  objects  the  bored-up  guns  owe 
their  success,  and  the  favour  with  which  the  expedient  has  been 
received. 

We  shall,  hereafter,  inquire  whether  bored-up  guns  are  eflS- 
cient  substitutes  for  new  ordnance  of  the  calibre  to  which  they 
have  been  enlarged,  and  whether  they  are  not  still  to  be  con- 
sidered as  imperfect  guns  which,  however  useful  they  may  be  as 
garrison  artillery,  should,  except  on  particular  occasions,  be 
abandoned  as  naval  ordnance. 

124.  The  differences  between  the  calibres  of  guns  and  car- 
ronades  of  corresponding  natures  are  shown  in  the  following 
table : — 


Nature 
of  Ordnance. 

Gun. 

• 

Carrotiadc. 

Difference 

of 

their  Calibres. 

Calibre. 

Calibre, 

In. 

In. 

In. 

42-pr. 

7.018 

6.84 

.178 

32-pr. 

6.41 

6.25 

.16 

24-pr. 

6.823 

5.68 

.143 

18-pr. 

5.292 

5.16 

.132 

12.pr. 

•4.623 

4.52 

.103 

To  equalize  the  calibres  of  guns  and  carronades,  therefore, 
the  thickness  of  metal  of  the  latter  would  only  be  reduced  by 
half  the  differences  in  the  last  column  of  the  preceding  table. 


before  the  publicatiou  of  the  first  edition  of  this  work ;  and  a  letter,  of  which 
the  following  is  an  extract,  forms  part  of  a  considerable  correspondence  which 
took  place  on  the  subject. 

Extract  of  a  letter  from  the  late  Major-General  Millar  to  Sir  Howard  Douglas, 

dated  Woolwich,  March  2nd,  1817. 

"  I  have  well  considered  the  subject,  and  agree  with  you  that  the  only 
radical  way  to  overcome  the  difficulty  about  windage  is  to  bore  up  the  car- 
ronades as  you  originally  suggested.  In  forwarding  your  idea  I  have  proposed 
to  General  Sir  Thomas  Blomefield  to  have  one  prepared  in  this  way,  to  show 
the  committee  when  they  meet,  as  a  matter  of  experiment,  to  ascertain  the 
practicability  of  the  proposition,  and  what  may  be  the  cost  should  the  measure 
be  generally  adopted." 
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or  about  .07,  or  .08  of  an  inch.  This  trifling  reduction  of  metal 
in  the  chase  only  might  certainly  be  made  without  incurring 
any  greater  risk  of  bursting  than  at  present :  for  it  is  a  fact 
pretty  well  known,  that  although  numerous  accidents  have 
occurred  in  action  from  the  bursting  of  guns,  yet  carronades 
have  never  been  known  to  fail ;  they  break  their  breechings, 
draw  their  bolts,  and  split  their  sides,  but  do  not  burst ;  and 
this  power  of  resisting  their  charges  may  be  verified  by  re- 
ferring to  the  original  proof  returns. 

The  weight  of  metal  required  to  be  taken  out  in  order  to 
enlarge  the  calibres  of  carronades  to  an  equality  with  guns  of 
the  corresponding  natures  is  very  small ;  and  though  such  dimi- 
nution of  weight  is  not  in  itself  desirable,  it  cannot  be  objected 
to,  considering  the  advantages  to  be  derived  from  the  equiliza- 
tion  of  windage. 

125.  When  the  first  edition  of  this  work  was  published,  our 
arsenals  were  stored  with  vast  numbers  of  carronades  which  it 
would  have  been  wasteful  to  condemn  and  expensive  to  replace, 
while  many  circumstances  were  favourable  to  the  measure  of 
enlarging  the  calibres.  First,  it  was  found  that  the  calibres 
of  great  numbers  of  carronades  had  become  so  enlarged  by  rust 
and  wear  that  they  could  be  rendered  serviceable  only  by  being 
reamed  out ;  and,  secondly,  to  enlarge  them  by  boring,  it  was 
found  unnecessary  to  transport  them  to  the  boring-houses,  for 
macliines  were  devised  to  perform  the  operation  as  they  lay 
on  the  skids.  It  may  be  added  that  a  change,  which  had  been 
suggested  by  the  late  General  Millar,  had  then  been  made  in 
the  chambers  of  carronades  by  forming  there  a  hollow  frustum 
of  a  cone,  connecting  the  cylindrical  bore  with  the  hemispherical 
bottom  of  the  chamber.  The  existing  carronades  were,  there- 
fore, bored  up  and  chambered  in  this  manner ;  but  being  still, 
in  some  measure,  an  imperfect  nature  of  arm,  their  retention  in 
the  service  was  always  viewed  as  a  temporary  measure,  to  be 
abandoned  when  more  perfect  ordnance  could  be  substituted  for 
them. 

126.  The  chamber  is  a  recess  formed  to  contain  the  charge 
of  powder,  at  the  lower  extremity  of  the  bore  of  a  piece  of 
ordnance,  in  tlie  direction  of  the  axis  and  of  less  diameter  than 
tlie  bore.     The  conical,  or  gomer,  chamber  was  proposed  ex- 
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pressly  for  mortars,  with  a  view  of  placing  the  centre  of  gravity 
of  the  projectile  in  the  common  axis  of  the  chamber  and  bore ; 
a  position  which,  on  account  of  a  mortar  having  considerable 
elevation,  the  shell  necessarily  takes  in  descending  on  the 
conical  surface.  This  puts  the  projectile,  till  it  begins  to  move 
by  the  force  of  the  powder,  in  contact  with  the  conical  con- 
traction of  the  chamber,  and  allows  the  windage,  in  a  plane 
passing  through  the  centre  of  the  shell  perpendicularly  to  the 
axis  of  the  bore,  to  assume  a  form  correctly  annular,  conse- 
quently it  enables  the  whole  charge  to  •act  directly  upon  the 
projectile.  But  this  is  not  the  case  when  a  piece  of  ordnance 
is  in,  or  nearly  in,  a  horizontal  position,  since  then  the  pro- 
jectile rests  on  tlie  lower  part  of  the  bore,  and  the  space 
between  its  surface  and  that  of  the  bore  takes  a  lunaric  form, 
so  that  the  axis  of  the  charge  does  not  pass  through  the  centre 
of  the  projectile.*  .  On  this  account,  and  because,  in  horizontal 
firing,  the  cartridge,  on  being  rammed  home,  is  apt,  when 
reduced  cliarges  are  used,  to  shift  from  its  place  in  the  conical 
chamber,  the  French  reject  the  gomer  fdhn  for  howitzers,  and 
make  the  chamber  perfectly  cylindrical.  This  is  the  case  with 
the  Paixhans  gun,  which  is  employed  in  the  naval  services  both 
of  France  and  of  the  United  States,  and  the  diameter  of  the 
chamber  is  equal  to  that  of  the  bore  of  a  gun  of  the  next  lower 
calibre. 

Even  the  cylindrical  chamber  is  attended  with  some  disad- 
vantages ;  it  must  be  large  enough  to  contain  the  full  charge, 
and,  therefore,  when  reduced  charges  are  used,  there  will  be  a 
void  space  between  the  powder  and  the  ball,  which  will  affect 
unfavourably  both  the  extent  of  the  range  and  the  accuracy  of 
the  firing.^    The  same  space  is  occupied  by  a  quantity  of  the 

'  In  order  to  remedy  this  defect,  it  is  the  practice  on  board  the  "  Excellent " 
to  set  the  shot  well  home  with,  a  wad,  thus  forcing  it  up  the  lower  part  of  the 
conical  surface,  and,  as  far  as  possible,  inio  the  chamber. 

^  This  is  a  fact  well  known  to  all  who  have  had  much  experience  in  mortar 
and  howitzer  practice ;  and  the  author  has  found  the  defect  so  great,  that  in 
order  to  remedy  it,  he  was  long  since  led  to  insert,  between  the  charge  and  the 
shot,  a  tompion,  or  piece  of  wood  having  the  form  of  the  unoccupied  part  of 
the  chamber.  This  expedient  appears  to  have  been  adopted  in  the  Frencli 
artillery  service ;  and  it  has  been  ascertained  that  a  tompion  so  ])laced  has 
caused  an  increase  in  the  initial  velocity  of  the  shot. — *  Expc^riences  d'Artillerie 
ex^ute'es  a  Gavre,  1830-1840.'  Premiere  j?>aWtV,  ch.  xii.  sect,  v.,  p.  61. 
Paris.  1841. 
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ignited  fluid  before  the  projectile  is  moved,  and  this  increases 
the  velocity  of  the  recoiL  It  may  be  added  that  the  ordinary 
sponge  cannot,  at  the  same  time,  clean  the  bore  and  the 
chamber  of  a  piece  of  ordnance;  and  thus  accidents  from 
explosions  are  very  likely  to  occur  in  using  it  The  evil  may, 
in  a  great  measure  be  obviated  by  the  employment  of  a  sponge 
of  a  conical  form,  nicely  fitting  the  chamber  and  carefully 
used ;  the  extremity  of  this  entering  the  contracted  space  at 
the  bottom  of  the  bore,  and  being  carefully  turned  on  its 
axis,  more  completdy  removes  the  residuum  of  the  charge. 
Yet  the  most  efficient  form  for  a  broadside  gun  is  evidently 
that  in  which  the  diameter  of  the  bore  is  equal  throughout  its 
whole  length,  it  being  understood  that  there  is  a  sufficient  thick- 
ness of  metal  at  the  lower  extremity  of  the  gun  to  resist  the 
charge. 

127.  With  respect  to  the  quantity  of  windage  which  may 
be  considered  proper  for  all  natures  of  iron  ordnance  from  the 
12-pounder  upwards,  there  cannot  be  any  doubt  that  .15  of 
an  inch,  as  ab-eady'  voted  for  siege  and  garrison  ordnance, 
would  be  quite  sufficient.  Consulting  experience  on  this  head, 
we  know,  that  .14  of  an  inch  is  the  quantum  regulated  for 
the  24-pounder  carronades.  We  are  equally  certain  that  this 
allowance  has  been  very  rigidly  observed;  for  any  departure 
from  it  would  be  an  abandonment  of  the  principle  which 
renders  carronades  so  efficient,  with  such  small  charges.  We 
know  also  that  the  windage  of  all  French  iron  ordnance,  re- 
duced to  English  measure,  is  only  .133  of  an  inch;  and  the 
American  windage  is  rather  a  copy  of  the  French  practice  than 
of  ours. 

128.  It  has  been  apprehended  that  any  diminution  in  the 
windage  of  naval  guns  would  occasion  more  frequent  accidents 
from  bursting  than-  at  present.  This  opinion  is  founded  upon 
the  fact,  that  the  action  of  the  charge  is  increased  by  its  taking 
place  in  a  more  confined  space  than  when  the  windage  is 
greater.  To  this  it  is  only  necessary  to  reply,  that  the  danger 
cannot  be  greater  than  at  present,  if  the  economical  tendency 
of  the  measure  be  taken  advantage  of  as  it  ought  to  be ;  for 
satisfied,  as  appears  from  what  has  been  said,  that  the  velocities 
of  shot,  according  to  our  present  practice,  are  quite  sufficient 
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(rather,  indeed,  too  great  than  too  little),  and  knowing  that 
the  increased  action  in  the  same  charge  when  inflamed  in  a 
more  confined  space,  would  communicate  greater  velocity  than 
with  the  present  windage,  we  should,  in  reducing  it,  diminish 
also  the  charges  to  such  quantities  as  should  be  proved  by  ex- 
periment to  be  capable  of  maintaining  the  practice  given  in  our 
present  tables,  and  put  the  savings  of  powder  in  the  pockets 
of  the  public.  In  this  way,  guns  would  not  be  more  liable  to 
burst  than  with  the  present  system,  if  shot  be  carefully  proved. 

129.  The  preceding  observation  introduces  an  important  re- 
mark on  the  modes  of  gauging  shot  With  ring-gauges,  shot 
not  perfectly  spherical  may  pass  in  one  direction,  or  section, 
but  not  in  all;  and  may  therefore  jam  in  rolling  into  the 
cylinder  of  the  gun.  Shot-gauges  should  therefore  be  cylin- 
drical, as  in  the  French  service;  for  balls  which  roll  freely 
through  gauge-tubes,  cannot  possibly  jam  in  the  cylinder  of  the 
piece,  if  it  be  perfect. 

130.  What  has  been  said  on  the  subject  of  windage  shows 
that  very  minute  differences  in  the  magnitude  of  the  shot 
produce,  by  the  variations  in  the  quantity  of  windage,  very 
great  differences  in  the  practice.  It  follows,  therefore,  that  to 
preserve  shot  as  much  as  possible  in  their  primitive  magnitude 
and  condition,  is  no  less  important  than  the  nice  and  very 
minute  investigations  from  which  the  proper  dimensions  of  balls 
have  now  been  determined;  and,  consequently,  that  it  is  of 
vast  importance  to  protect  shot  on  board  of  ships  from  the 
destructive  effects  of  rust.  The  ease,  and  trim,  and  sailing  of 
vessels,  do  not  admit  of  their  shot  being  stowed,  in  large  quan- 
tities, any  where  above  the  water-line  or  near  the  extremes. 
The  great  store  of  shot,  therefore,  must  be  in  the  Jockers, 
where  they  are  at  present  kept ;  and  there  it  is  impossible  to 
prevent  their  becoming,  in  some  degree,  corroded  by  rust :  but 
a  sufficient  number  of  balls  for  at  least  fifteen  double-shotted 
rounds,  should  always  be  kept  on  deck.  Now  these  balls  being 
the  first  for  use,  should  be  preserved  from  rust  as  effectually  as 
possible,  and  cleaned  with  every  degree  of  care.  Shot  from  the 
lockers  should  not  be  used  till  the  deck  shot  shall  have  been 
expended,  and  the  uppermost  balls  in  the  lockers  should  be 
frequently  examined,  cleaned  from  rust,  and  greased  or  painted : 
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by  such  means,  together  with  frequent  inspections,  an  enlarge- 
ment by  rust  would  be  effectually  prevented.  This  would 
contribute  much  to  accuracy  of  practice;  for,  considering  the 
prodigious  resistance  of  the  air  upon  the  surface  of  a  cannon- 
ball,  moving  with  the  usual  service  celerity,  it  is  evident  that 
the  most  minute  protrusion  or  inequality  on  that  surface  must 
occasion  a  very  irregular  whirling  motion,  and  consequently  a 
great  deviation  from  the  intended  direction. 

131.  V. — The  effects  of  the  length  'of  Gun  on  the  velocity  of 
Shot. — It  is  known,  both  from  theory  and  practice  (Art.  64,  and 
Art.  69,  Note),  that,  with  equal  charges,  and  guns  of  equal 
weight,  but  of  different  lengths,  the  velocity  of  the  shot  increases 
with  the  length  of  the  bore,  but  in  a  small  proportion  only — 
the  velocity  varying,  as  appears  from  experiments,  in  a  ratio 
between  the  square  and  cube  roots  of  that  length ;  and  again, 
experience  shows  that  the  velocity  of  the  baU  increases  with  the 
charge  up  to  a  certain  amount,  which  depends  on  the  nature  of 
the  gun ;  and  that,  by  further  increasing  the  charge,  the  velo- 
city gradually  diminishes  till  the  bore  is  quite  full  of  powder, 
the  recoil  always  increasing  with  an  increase  of  charge.  These 
circumstances  lead  us  to  consider  the  relative  merits  of  long 
and  short  guns. 

The  partiality  in  favour  of  short  guns  for  naval  service  had 
its  origin  in  a  misapplication  of  some  of  Mr.  Bobins's  maxims 
and  observations.  That  distinguished  civilian,  by  whom  the 
theory  of  gunnery  has  certainly  been  much  improved,  having 
had  no  practical  knowledge  of  artillery  service  (as  he  observes 
in  the  preface  to  his  *  Proposal  to  Lord  Anson,*  printed  in  1747), 
it  is  not  surprising  that  the  maxims  which  he  deduced  from  his 
own  investigations  should  frequently  tend  to  a  diminution  of 
that  accuracy  and  practical  efficacy  which  persons  better  ac- 
quainted with  the  profession  would  have  studied  to  increase. 

1 32.  Mr.  Eobins  says,  that  neither  the  distance  to  which  a 
bullet  flies,  nor  its  force  at  the  end  of  its  flight,  are  much  in- 
creased by  very  great  augmentations  of  the  velocity  with  which 
it  is  impelled;  and  therefore  that,  in  distant  cannonade,  the 
advautagos  arising  from  long  guns  and  great  charges  are  but  of 
little  moment.     Another  of  his  maxims  is,  that  whatever  opera- 
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tions  are  to  be  performed  by  artillery,  the  least  charges  with 
which  the  object  in  view  can  be  effected  should  always  be  pre- 
ferred. 

In  conformity  with  these  maximsy  Mr.  Eobins  became  a  great 
advocate  for  reducing  the  length  and  weight  of  guns,  for  the 
purpose  of  enabling  ships  to  carry  ordnance  of  larger  calibre. 

Mr.  Bobins  also  asserts  that  the  objections  which  attach  to 
short  guns  in  batteries  on  shore,  viz.  ruining  the  embrasures, 
hold  not  at  sea,  where  there  is  no  other  exception  to  the  short- 
ness of  the  piece  than  loss  of  force,,  which,  in  the  instances  here 
proposed,  is  altogether  inconsiderable  ;  but  this  is  a  very 
erroneous  conclusion,  for  with  carronades  it  is  frequently  im- 
possible to  place  them  so  that,  when  fired,  the  flash  should  not 
bum  the  rigging,  or  fire  the  hammocks  in  the  barricade,  without 
bringing  the  vent  under  the  rail  over  the  port,  so  as  to  expose 
the  hammocks  to  the  vent-fire,  and  the  lock  to  injury  when  the 
piece  is  fired  under  depression.  This  is  a  very  serious  and  a 
very  well-supported  contradiction  of  Mr.  Bobins's  conclusion ; 
and  the  danger  and  inconvenience  arising  from  the  shortness  of 
carronades  have  been  so  often  noticed,  that  it  would  be  very 
expedient  to  make  hereafter  the  24,  and  particularly  the  32- 
pounder  carronade,  a  little  longer  in  bore,  and  to  add  something 
to  the  flash-rim. 

133.  The  advocates  for  the  short-gun  system  support  their 
theory  by  quoting  the  deductions  from  the  ballistic  experiments 
from  which  it  appears  that  the  superior  velocity  of  shot  dis- 
charged from  long  guns  is  reduced  to  an  equality  with  the 
velocity  of  balls  fix)m  short  guns,  after  passing  over  certain 
spaces,  and  that  the  extreme  ranges  do  not  much  differ;  but 
the  main  principle  which  should  govern  our  choice  of  naval  guns 
i£f,  to  prefer  those  which,  with  equal  calibre,  possess  the  greatest 
point-blank  range ;  and  the  practical  maxim  for  using  them 
should  be,  to  close  to,  or  within  that  range,  and  depend  upon 
precision  and  rapidity  of  fire.  This  is  the  most  simple  and  the 
most  eflScacious  use  of  artillery :  it  avoids  all  the  difficulty  of 
determining,  and  the  uncertainty  in  regulating  elevation,  and  it 
is  therefore  of  the  greatest  importance  in  naval  gunnery.* 

•  Dr.  Hutton  found  that,  with  a  gun  of  20  calibres  in  length,  the  velocities 
continued  to  increase  with  the  increase  of  charge  till  the  latter  amounted  to 
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134.  In  the  maxims  above  alluded  to,  the  advantages  arising 
fioni  the  superior  accuracy  of  long  guns  at  moderate  distances 
appear  to  have  been  overlooked.  From  experiments  carried  on 
at  Sutton  Heath  in  1810,  it  was  found  that  the  greatest  point- 
blank  range  of  a  24-pounder,  whose  length  was  9  feet  6  inches, 
was,  to  the  first  graze,  275  yards,  and  the  mean  of  three  such 
ranges  from  the  same  gun  was  248  yards ;  while  the  least  point- 
blank   range  of  a  24-pounder,  whose  length  was  only  6  feet 

6  inches,  was,  to  the  first  graze,  200  yards,  and  the  mean  of 
three  such  ranges  with  the  same  gun  was  222  yards.  The 
charge  was  the  same  (6  lbs.)  in  all  the  cases.  Again,  from  the 
Deal  practice  in  1839,  with  32-pounder  guns  of  the  same  length 
respectively  as  the  24-pounders  just  mentioned,  with  equal 
charges  (6  lbs.)  and  equal  windage  (.175),  the  elevation  being 
1  degree,  the  range  of  the  longer  gun  was  853  yards,  while  that 
of  the  shorter  one  was  only  734  yards.  A  superiority  of  range 
with  the  longer  guns  does  not  always  take  place,  but  the  above 
circumstances  will  serve  to  show  that,  at  moderate  distances,  a 
long  gun  might  be  laid  point-blank,  while  a  short  one  might 
require  an  elevation  of  half  a  degree. 

135.  A  comparison  of  the  point-blank  range  of  Sir  William 
Congreve's  24-pounder  with  a  gun  of  equal  calibre  and  of  the 
old  pattern,  appears  at  first  sight  to  militate  against  the  above 
conclusion ;  but  on  examination  it  will  be  found  that  this  is  not 
the  case.     The  first  of  these  guns,  which  weighs  40^  cwt.,  is 

7  feet  long,  and,  from  its  great  thickness  about  the  chamber, 
the  dispart  *  subtends  an  angle  of  not  less  than  5  degrees.  The 
other,  which  weighed  50  cwt,  was  9  feet  6  inches  long.  The 
windages  were  equal,  and  the  charges  one-third  of  the  weight  of 
the  shot ;  and  from  experiments  made  at  Sutton  Heath  in  1813, 
the  point-blank  ranges  of  the  Congreve  gun  varied  between  505 
and  640  yards,  while  those  of  the  heavier  gun  were  about  370 


I  of  the  weight  of  the  shot,  and  occupied  J  of  the  length  of  the  hore  ;  after 
this  the  velocities  decreased.  With  a  gun  of  15  calibres  in  length,  a  charge 
equal  to  \  the  weight  of  the  shot,  and  which  occupied  .275  of  the  length  of 
tli(?  bore,  gave  the  greatest  velocity. 

•^  The  difference  between  the  semidiameter  of  the  gun  at  the  base-ring  and 
at  the  swell  of  the  muzzle.  This,  the  length  of  the  gun  being  the  radius,  is 
the  tangent  of  an  angle  varying  generally  from  1°  to  2^°,  which  the  line  of 
metal  makes  with  the  axis  of  the  bore. 
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yards.     The  Congreve  gun  was  also  tried  with  two  24-pounder8 
of  Sir  Thomas  Blomefield's  construction,  one  8  feet  and  the 
other  7  feet  6  inches  long,  and  weighing  respectively  43  cwt 
and  40  cwt ;  and  at  point-blank  ranges,  the  first  graze  of  each 
of  these  two  last  was  between  370  and  400  yards.     To  Sir 
William  Congreve  certainly  belongs  the  merit  of  having  first 
proposed  a  difierent  distribution  of  the  metal  in  his  guns,  adding 
much  to  the  part  about  the  place  of  the  charge,  and  diminishing 
the  quantity  in  the  chase.     He  also  placed  the  trunnions  farther 
back  than  they  were  in  the  old  ordnance  of  a  corresponding 
nature;  but  his  assumption  that  "the  propelling  or  reacting 
power  of  a  piece  of  ordnance  may  be  increased  by  augmenting 
the  quantity  of  metal  about  the  charge,  though  a  greater  quan- 
tity be  taken  from  the  other  parts,  and  consequently  that  a 
lighter  gun  may  have  a  greater  propelling  power  than  a  heavier 
one,  by  a  judicious  distribution  of  the  metal,"  *  is  not  supported 
by  facts.    In  the  extreme  ranges  of  the  shot,  the  advantage  was 
invariably  in  favour  of  the  50-cwt.  gun ;  and  with  elevations  of 
2  J  and  5  degrees,  at  which  trials  were  made,  the  excess  of  graze 
was  sometimes  on  the  side  of  the  Congreve  gun,  and  sometimes 
on  that  of  the  others.     The  presumed  superiority  of  the  former 
at  the  first  grazes,  when  fired  point-blank,  is  ascribed  to  the 
liveliness  of  its  recoil  and  to  the  preponderance  of  metal  at  the 
breech,  by  which,  in   being  fired,  the    muzzle    of  the  gun  is 
thrown  up.     (Captain  Simmons,  '  A  Discussion  on  the  present 
Armament  of  the  Navy,'  p.  10.) 

136.  With  respect  to  Mr.  Eobins*  maxim  (Art.  132),  that 
the  force  of  a  ball,  at  the  end  of  its  flight,  is  not  much  increased 
by  great  augmentations  of  the  velocity  with  which  it  is  impelled, 
it  may  be  observed  that,  if  the  force  of  impact  alone  were  the 
object,  in  naval  actions,  the  full  charges  of  powder  need  seldom 
be  used.  A  charge  equal  to  one-sixth  of  the  shot's  weight  would 
be  sufficient  to  drive  a  ball  from  any  large  gun  through  the  side 
of  a  ship  at  1100  yards;  but  with  this  small  charge  the  gun 
would  require  twice  as  much  elevation  to  produce  such  a  range  as 
would  be  necessary  with  the  full  charge,  and  thus  the  accuracy 
of  the  fire  would  be  sacrificed.    To  ensure  this  great  object,  tlie 


•  See  *  A  concise  Account  of  the  new  Class  of  24-poimder8  proposed  by  Sir 
William  Congreve,*  1831 ;  Introd,,  p.  i. 
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charge  should  be  such  as  will  allow  the  elevation  to  be  the  least 
possible ;  nor  should  reduced  charge§  be  employed  unless  the 
action  take  place  within  point-blank  range  or  at  close  quarters. 

The  superiority  of  long  guns  over  short  ones,  in  respect  of 
extent  of  range,  is  so  considerable  that  a  well-commanded  vessel 
fitted  with  long  guns,  will,  by  keeping  at  a  distance  just  within 
the  range  of  such  guns,  have  great  advantages  over  a  vessel  of 
superior  rate,  if  fitted  only  with  short  guns  of  equal  and  even 
larger  calibre. 

137.  The  preference  which,  during  the  war  between  1793 
and  1815,  was  given  to  guns  of  reduced  lengths,  less  weight 
relatively  to  that  of  the  shot,  and  to  comparatively  low  charges 
of  powder,  is,  even  now,  not  wholly  abandoned.  The  cause  of 
the  preference  at  the  time  lay  in  the  practice  which  then  pre- 
vailed of  pointing  guns  by  the  line-of-Trntaly^  as  it  is  called, 
which,  on  account  of  the  dispart,  makes  a  greater  angle  with  the 
axis  of  the  gun  as  the  latter  is  shorter ;  thus  causing  the  axis  to 
be  more  elevated,  and  consequently  the  range  to  be  greater 
than  when  a  longer  gun  is  used.  In  former  editions  of  this  work 
the  author  objected  to  this  cause  of  preference,  on  the  ground 
that  the  greater  elevation  iiiduces  less  accuracy  in  the  practice ; 
and  in  fact  the  method  of  pointing  by  the  line-of-metal  is  now 
abolished  in  the  British  artillery,  the  tangent-scale  being  gene- 
rally introduced ;  the  ligne  de  mirCy  however,  is  still,  or  was  till 
very  recently,  retained  in  the  French  naval  service,  the  artillery- 
men allowing  for  the  angle  of  the  dispart  according  to  the  eleva- 
tion or  depression  of  the  piece. 

138.  In  determining  the  preference  which  should  be  given  to 
guns  of  diflFerent  lengths,  weights,  and  calibres,  and  in  estimating 
the  charges  proper  for  them,  the  most  important  point  to  be 
kept  in  view  is  the  degree  of  probability  of  striking  an  object  at 
a  distance  which  allows  the  projectile  to  retain  suflScient  force 
for  producing  the  most  destructive  efiects. 

139.  Exclusive  of  errors  in  pointing  and  laying  guns,  and 
those  caused  by  occasional  variations  in  the  state  of  the  atmos- 
phere, the  irregularities  which  are  produced  while  the  shot  is  in 
the  bore,  by  friction,  rotation,  windage,  and  the  imperfect  influ- 


•  A  line  drawn  from  the  top  of  the  base-ring  to  the  top  of  the  muzzle. 
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ence  of  the  charge,  with  many  other  circumstances,  combine,  in 
tmknown  and  variable  degrees  which  theory  cannot  determine, 
to  aflFect  the  probabiKty  of  striking  the  object  aimed  at ;  and  it 
is  only  by  extensive  experience,  or  by  reference  to  tables  ex- 
hibiting the  mean  results  of  numerous  trials  under  many  different 
circumstances,  with  all  the  natures  of  ordnance  in  use  in  the 
service,  that  correct  judgments  can  be  formed  with  respect  to 
the  probable  deviation  of  the  projectile  from  the  vertical  plane 
in  which  it  should  move,  or  the  errors,  in  excess  or  defect,  in  the 
extent  of  the  range,  so  that  the  proper  means  may  be  used  to 
obtain  the  requisite  accuracy. 

M.  Piobert,  in  his  valuable  work  entitled  *  Traits  d'Artillerie ' 
(tom.  ii.  p.  270),  has  made  many  useful  observations  on  the 
lateral,  as  well  as  the  longitudinal,  deviations  of  projectiles ;  and 
he  has  formed,  from  numerous  experiments  carried  on  during 
several  years  with  various  natures  of  ordnance,  and  both  with 
solid  and  hoUow  shot,  some  interesting  tables  exhibiting  such 
deviations,  together  with  the  probabilities  of  striking  targets  or 
other  objects,  of  different  superficial  extent  and  at  various  dis- 
tances. Thus,  with  24,  16,  and  12-pounder  guns  (French),  at 
the  distance  of  656  yards,  the  charges  being  one-sixth  of  the 
weight  of  the  shot,  the  average  number  of  hits  in  100  rounds 
were  respectively  6.2,  4.9,  and  4.7  ;  while,  with  the  same  guns 
and  charges  equal  to  one-third  of  the  weight  of  the  shot,  the 
number  of  hits  per  cent,  in  the  same  object  and  at  the  same 
distance  were  8.6,  5.6,  and  7.2.  On  these  tables,  in  part,  the 
author  has  founded  his  conviction  that  the  best  means  of  obvi- 
ating both  the  longitudinal  and  lateral  deviations  is  the  employ- 
ment of  heavy  guns  of  their  respective  natures,  with  full  charges, 
at  low  elevations,  the  shot  being  solid  and  accurately  formed, 
and  the  windage  as  small  as  possible. 

140.  Of  the  two  kinds  of  error,  the  lateral  deviation  is  by  far 
the  most  pernicious  in  naval  gunnery;  for,  in  this  respect, 
beyond  certain  limits  the  shot  would  be  wholly  wasted ;  while, 
with  respect  to  the  error  in  extent  of  range,  there  is  a  consider- 
able probability  that  it  may  be  redeemed  by  the  production  of 
some  secondary  effect. 

The  probability  of  striking  an  object  fired  at  depends  on  its 
superficial  magnitude  (in  a  verticfiJ  plane  perpendicular  to  the 
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plane  of  fire).  With  like  guns  the  probability  of  striking,  at 
different  distances,  diminishes  rapidly  as  the  distance  increases ; 
but  against  bodies  of  various  magnitudes,  at  the  same  distance, 
the  probability  increases  with  the  surface  when  the  latter  is 
small  (not  exceeding  3  or  4  feet  square),  while  it  increases  in  a 
much  higher  ratio  than  the  surface  when  this  is  great.  There 
is,  moreover,  a  magnitude  (the  length  of  a  side  of  a  ship,-  for 
example)  which  will  exceed  by  two  or  three  times  the  extent  of 
any  error  arising  from  the  lateral  deviation  at  the  given  dis- 
tance, and  then  such  an  object  cannot  be  missed,  provided  the 
error  in  the  length  of  range  should  not  cause  the  trajectory  to 
intersect  too  high  or  too  low,  a  verticfiJ  line  passing  through  the 
object. 

141.  When  an  object  moves  with  great  velocity  in  a  trajectory 
having  small  elevation  above  the  horizontal  plane  (the  level  of 
the  sea,  for  example),  it  is  evident  that,  whether  the  shot  fall 
short  of  or  go  over  the  point  aimed  at,  great  errors  in  the  extent 
of  range  will  correspond  to  very  small  errors  in  a  vertical  direc- 
tion, at  the  place  of  the  object ;  and  that  the  latter  errors  are  so 
much  less  as  the  elevation  of  the  gun  is  less,  or  as  the  trajectory 
is  less  incurvated.  Hence  there  may  be  considerable  diflferences 
in  the  length  of  the  range,  and  yet  a  great  probability  that  the 
shot  will  be  intercepted  by  some  part  of  the  body  or  rigging  of 
the  ship,  or  other  object  fired  at. 

If  the  first  graze  of  the  shot  falls  short  of  the  object,  the 
angle  between  the  horizontal  plane  and  the  descending  branch 
of  a  trajectory  having  small  elevation,  is  more  favourable  to  the 
ricochet  than  the  greater  angle  formed  by  a  more  elevated  tra- 
jectory would  be ;  and  it  is  manifest  that  a  shot,  moving  in  a 
trajectory  of  the  first  kind,  might  take  eflFect  on  the  hull  or 
rigging  of  a  ship  which  in  the  otlier  it  might  entirely  miss. 
Again,  if  the  first  graze  should  fall  beyond  the  object,  the  shot 
whose  path  is  least  elevated,  if  it  pass  over  the  hull  of  a  vessel, 
will  scarcely  fail  to  strike  some  part  of  the  rigging ;  while  one 
whose  trajectory  is  higher  would  pass  above  the  whole.  The 
like  ohservation  will  hold  good  with  the  equal  ranges  obtained 
from  a  long  and  a  short  gun ;  the  latter,  which  has  greater 
elevation  than  the  former,  describing  a  higher  curv^e.  These 
two  cases  suppose  the  actual  elevation  not  to  be  disturbed  by 
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the  floating  motion;  but  it  is  evident  that  an  error  of  this 
nature  must,  in  general,  be  to  the  disadvantage  of  the  shorter 
gun. 

142.  Bicochet  firing,  at  elevations  under  3  degrees  or  3J 
degrees,  with  shot  from  guns  near  the  level  of  the  water,  may 
take^lace  at  distances  not  exceeding  600  yards  with  considerable 
effect  But  in  this  practice  it  is  essential  that  the  angles  of 
graze  should  be  as  small  as  possible ;  therefore  great  charges 
should  be  used,  and  the  elevation  of  the  gun  should  not  exceed 
2  degrees.  The  penetrating  power  of  shot  fired  k  ricochet  is, 
however,  much  inferior  to  that  of  shot  fired  directly ;  and  there- 
fore in  this  respect,  as  well  as  for  correctness  of  fire,  the  direct 
practice  is,  to  a  certain  extent,  the  most  advantageous. 

In  firing  to  windward,  the  steep  sides  of  the  waves  are  un- 
favourable to  practice  ;  for  shot  striking  those  sides  do  not  rise, 
or  they  soon  lese  their  velocities ;  also  ricochet  firing  against 
boats  will  be  found  most  effective  when  the  water  is  smooth. 

Table  VIII.,  Appendix  B.,  exhibits  the  results  of  the  ricochet 
practice  with  solid  and  hollow  shot  from  on  board  the  "  Excel- 
lent," in  1838.  The  extents  of  the  ranges  were  such  as  were 
made  before  much  deflection  took  place. 

143.  It  has  long  been  imagined  by  many  practical  artillerists 
that  the  ranges  of  shot,  when  fired  over  a  broad  valley  or  over 
water,  are  less  in  extent  than  when  fired  over  a  level  or  a  gently 
undulating  ground,  the  charge  and  nature  of  the  ordnance  being 
alike  in  both  cases ;  and  M.  Piobert,  in  his  *  Traite  d'Artillerie,' 
has  given  a  table  of  the  comparative  ranges  of  shot  in  such 
circumstances,  which  appear  to  confirm  the  opinion.  This 
oflScer,  in  endeavouring  to  explain  the  cause  of  the  difference  in 
the  ranges,  suggests  that  when  a  shot  is  fired  point-blank,  or  at 
a  low  elevation,  over  ground  which  is  either  level  or  which  rises 
in  the  direction  of  the  line  of  fire,  the  air  driven  off  in  every 
direction  about  the  ball  in  its  flight  must  be  condensed  between 
its  path  and  the  ground  ;  and  this  condensed  air  reacting  against 
the  ball  may  prevent  it  from  descending  so  rapidly  as  it  descends 
when  the  repelled  air  is  enabled  to  escape  freely :  thus  it  may 
be  that  the  ranges  are  longer  when  the  fire  is  made  over  a  level 
plain  or  gentle  eminences  than  when  it  is  directed  across  a  deep 
valley,  which  affords  room  for  a  greater  diffusion  of  the  air. 
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When  shot  is  fired  over  the  sea,  the  convex  surface  of  the  water, 
which  is  depressed  in  every  direction  about  the  gun,  and  the 
absence  of  such  inequalities  of  surface  as  exist  on  land,  readily 
permit  the  escape  of  the  air  under  the  trajectory.  Hence  there 
is  little  or  no  reaction  from  below  against  the  shot ;  and  to  this 
circumstance  M.  Piobert  "ascribes  the  supposed  inferiority  of  the 
ranges  over  sea  compared  with  those  over  land. 

But  from  experiments  made  at  Gavre  in  France,  in  1843,  it 
was  found  that,  cceteris  paribus,  the  ranges  at  sea  tfte  very  nearly 
equal  to  those  obtained  on  land.  The  general  opinion  of  the 
inferiority  of  the  former  appears  therefore  to  be  unfounded ; 
and  it  is  observed,  by  the  writers  of  the  *  Eeport '  on  those  ex- 
periments, that  the  ranges  stated  in  the  work  of  M.  Piobert, 
which  are  in  favour  of  that  opinion,  have  been  taken  from  an 
old  work  on  gunnery,  and  are  not  the  results  of  any  known 
experiments. 

144.  The  ordnance  employed  at  Gavre  to  determine  the 
extent  of  ranges  over  sea  and  land,  and  also  to  ascertain  the 
amount  of  the  longitudinal  and  lateral  deviations  of  projectiles 
in  naval  gunnery,  were  a  long  30-pounder  gun,  weighing 
61  cwt.  1  qr.  4  lbs.,  the  diameter  of  the  bore  being  6.484  inches, 
and  the  windage  .1772  inch,  and  a  canon-obusier  of  80  (Kv.), 
weighing  72  cwt.  3  qrs.  16  lbs.,  the  diameter  of  its  bore  being 
8.799  inches,  and  the  windage  .0945  inch.  Solid  shot  only 
were  projected  fix)m  the  former,  and  hollow  shot  with  wooden 
bottoms  from  the  latter.  The  ordnance  was  placed  in  a  barge 
{ponton)  above  60  feet  long  and  24  feet  wide,  which  was  moored 
at  convenient  stations,  and,  in  each  day's  practice,  twenty  rounds 
were  fired.  The  lines  of  fire  were  directed  from  west  to  east, 
and  allowance  was  made  for  the  oscillations  of  the  vessel.  With 
the  30-pounder  solid  shot,  charge  11  lbs.  .5  oz.,  and  elevations 
varying  from  3°  5'  48"  to  6°  50'  2",  the  ranges  over  the  sea 
varied  from  1453  yards  to  2229  yards,  and  over  land  from 
1855  yards  to  2247  yards.  With  the  canon-obusier.  No.  1, 
hollow  shot,  and  charge  7  lbs.  11.6  oz.,  and  elevations  varying 
from  4"^  40'  17"  to  10°. 4'  50",  the  ranges  over  the  sea  varied 
from  1309  yards  to  2470  yards,  and  over  land  from  1361  yards 
to  2208  yards.  The  mean  of  the  longitudinal  deviations  of  the 
30-})ounder  shot  was  132  yards,  and  the  greatest  176  yards  of 
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the  canon-obusier;  the  mean  deviation  was  87  yards,  and  the 
greatest  323  yards.  The  mean  lateral  deviation  of  the  30- 
pounder  from  a  vertical  plane  passing  through  the  axis  of  the 
gun  was  37.5  feet,  and  the  greatest  49.8  feet ;  of  the  canon- 
obusier  the  mean  deviation  was  48.6  feet,  and  the  greatest 
73.8  feet.  In  these  experiments  the  lateral  deviations  were 
also  referred  to  a  line  of  mean  direction  so  situated  that  the  sum 
of  all  the  deviations  to  the  right  of  it  was  equal  to  the  sum  of 
all  the  deviations  to  the  left  of  it ;  when  it  was  found  that  the 
greatest  deviation  of  the  30-pounder  shot  from  this  imaginary 
line  was  31.8  feet,  and  the  least  18.7  feet ;  the  greatest  devia- 
tion of  the  hollow  shot  was  66.2  feet,  and  the  least  16.4  feet. 
The  extreme  lateral  deviations  appear  to  be,  in  some  cases,  more 
than  twice  as  great  as  the  mean  deviations ;  and  this  may  be 
accounted  for  partly  by  the  windage  of  the  ordnance,  and  partly 
by  the  wind  acting  at  times  across  the  line  of  fire. 

145.  The  near  agreement  in  most  of  the  ranges  over  land  and 
sea,  in  these  experiments,  appears  to  be  at  variance  with  the 
results  of  experiments  made  on  land  and  at  sea  with  the 
artillery  employed  in  the  British  service.  On  comparing  the 
ranges  over  the  land,  from  the  experiments  at  Deal  in  1839, 
with  those  over  water,  from  the  experiments  on  board  the 
"  Excellent "  in  1838,  the  nature  of  the  ordnance,  the  charges, 
&c.,  being  alike,  there  were  found  to  be  only  three  in  which  the 
ranges  over  the  sea  exceeded  those  over  land.  In  all  the  others, 
the  ranges  over  land  were  the  greatest.  In  many  of  them  the 
difference  was  as  much  as  one-tenth,  and  in  some  it  amounted  to 
one-sixth  of  the  whole  range.  This  is  in  some  measure  due 
to  the  height  of  the  guns  above  the  ground,  in  the  Deal  experi- 
ments, being  greater  than  that  of  the  guns  of  the  "  Excellent " 
above  the  water ;  but  the  cause  of  the  discrepancy,  whatever  it 
may  be,  requires  to  be  investigated  by  experiments  purposely 
conducted,  with  precisely  the  like  natures  or  ordnance  and  with 
equal  charges,  in  order,  should  the  variations  be  found  to  be  only 
such  as  may  be  ascribed  to  accidental  circumstances,  that  the 
same  tables  of  artillery  practice  may  with  confid(»nce  be  used  in 
both  services. 

146.  In  estimating  the  probabilities  of  correct  firing,  all  the 
sources  of  error  should  be  anticipated  and  allowed  for;  and 
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it  may  be  observed  here,  that  it  is  near  the  further  extremity  of 
the  range  that  the  velocity  of  the  h'ghter  and  smaller  kind 
of  projectile  is  most  diminished,  consequently,  that,  in  this  part 
of  the  trajectory,  the  causes  of  the  two  kinds  of  deviation  are 
most  effective  in  producing  them.  Hence  it  follows  that  the 
two  kinds  of  deviation  may  be  much  diminished  by  the  employ- 
ment of  those  guns  which,  with  the  least  elevation,  have  the 
power  of  throwing  solid  shot,  with  their  momenta  nearly  unim- 
paired, to  the  greatest  distance ;  and  this  fact  is  what  it  was 
intended  in  the  present  article  to  establish.  Force  may  not 
always  be  deficient  when  missiles  are  projected  from  the  shorter 
and  lighter  nature  of  gun,  yet  the  probabilities  of  striking  objects 
at  considerable  distances  are  much  higher  when  ordnance  of  a 
contrary  description  is  used. 

This  subject  will  be  further  considered  in  treating  of  JioUow 
shot,  and  of  the  lighter  natures  of  ordnance  employed  in  the 
British  service. 

147.  The  great  disadvantages  we  suflFered  from  the  numerous 
frigates  of  the  inferior  classes  which  we  had  in  our  navy  during 
the  war  (1793  to  1814)  were  severely  felt.  From  not  having 
had  a  sufficient  number  of  frigates  capable  of  bearing  the  nature 
of  armament  which  was  likely  to  be  opposed  to  them,  we  were 
obliged,  in  common  prudence,  to  employ  two  vessels  where  one 
of  superior  force  might  have  answered  better.  Frigates  capable 
of  bearing  the  8-feet  24-pounders,  or  32-pounders  of  50  cwt.,  are 
certainly  vast  and  expensive  ships;  but  they  perform  their 
service  at  a  cheaper  rate,  and  in  a  much  more  certain  and 
creditable  manner  to  the  nation,  than  two  vessels  of  very  inferior 
rate.  The  full  service  of  two  ships  acting  against  traders  and 
privateers  cannot  be  effected  without  frequently  parting  com- 
pany ;  and  then  the  honour  and  interest  of  the  flag  they  bear 
are  at  risk,  from  exposure  to  unequal  combat;  whilst  the 
enemy's  force,  against  which  these  two  inferior  vessels  may  have 
been  sent,  i;'emains  always  entire.  Two  ships,  once  divided,  may 
1)0  beaten  in  detail  by  a  vessel  by  no  means  a  match  for  both 
together ;  but  the  honour  of  the  large  ship  is  always  secure,  and 
tlic^  cliance  of  capture  remote.  She  may  meet  a  superior ;  but 
if  so,  to  take  her  would  be  creditable — to  yield,  no  displace.  A 
ileet  of   line-of-battle    ships  must  keep  topjether,  resisting  all 
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temptations  to  chase  single  ships ;  but  two  vessels,  sent  to  cruise 
on  predatory  service,  will  only  exert  half  their  powers  by 
keeping  company;  for  this  restrains  separate  exertion,  halves 
the  chance  of  meeting  an  enemy,  and  when  one  is  discovered, 
there  always  ensues  a  chance  of  the  two  vessels  parting  company 
in  the  chasa 

148.  All  the  American  frigates  of  tlie  large  class  during  the 
war  with  this  country  in  1812  and  1813  carried  long  guns. 
The  "  President "  had,  on  the  main-deck,  24-pounders  (length 
8J  feet,  weight  48i  cwt.) ;  on  the  quarter-deck  and  forecastle, 
42-pounder  carronades  (length  4  feet  4  inches) ;  both  English 
calibre.  The  "  Chesapeake  "  mounted  on  the  main-deck,  twenty- 
eight  IS-pounders  (length  7  feet  8  inches,  weighing  39  cwt 
1  qr.),  and  twenty  32-pounder  carronades,  nearly  of  British 
pattern.  The  "Essex,"  on  the  contrary,  was  armed  almost 
exclusively  with  carronades ;  and  the  effect  of  these  we  shall 
examine  hereafter. 

149.  Much  of  the  reasoning  contained  in  the  preceding 
articles  attaches  to  carronades.  At  close  quarters,  they  are 
a  formidable  species  of  ordnance ;  but  at  long  ranges,  on  account 
of  the  inferiority  of  their  chaises,  they  are  no  match  for  long 
guns,  even  of  smaller  calibre  (compare  the  ranges  of  shot  from 
carronades  with  those  obtained  from  other  ordnance  in  Tables 
V.  and  VL,  Appendix  B)  ;  and  any  vessel  fitted  exclusively  with 
carronades  might,  undoubtedly,  be  destroyed  or  captured  by  a 
vessel  of  very  inferior  rate  mounting  long  guns,  if  her  com- 
mander knew  how  to  avail  himself  of  the  great  superiority  of 
his  weapons. 

150.  The  veiy  mortifying  situation  in  which  the  gallant  Sir 
James  Yeo  found  himself,  in  September,  1813,  on  Lake  Ontario, 
shows  the  danger  of  the  carronade  system  of  armament.  Sir 
James  states,  in  his  letter  of  the  12th  September,  "  the  enemy's 
fleet  of  eleven  sail,  having  a  partial  wind,  succeeded  in  getting 
within  range  of  their  long  24  and  32-pounders ;  and,  having 
obtained  the  wind  of  us,  I  found  it  impossible  to  bring  them  to 
close  action.  We  remained  in  this  mortifying  sitnatimi  five  hours, 
having  only  six  guns  in  the  fleet  that  would  reach  the  enemy.  Not 
a  carronade  was  fired.     At  sun-set  a  breeze  sprung  up  from  the 
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westward,  when  I  manoeuvred  to  oblige  the  enemy  to  meet  us 
on  equal  terms.     This,  however,  he  carefully  avoided," 

In  Sir  James  Yoe's  despatch  of  the  15th  November,  he 
complains  in  strong  terms  of  the  want  of  long  guns  in  the  Lake 
Erie  squadron. 

Captain  Barclay  states,  in  his  letter  of  the  12th  September, 
1813 : — "  The  other  brig  of  the  enemy,  supported  in  like  manner 
by  two  schooners,  and  apparently  destined  to  engage  the  *  Queen 
Charlotte,'  kept  so  far  to  windward  as  to  render  the  *  Queen 
Charlotte's '  24-pounder  carronades  useless,  whilst  she  and  the 
*  Lady  Prevost  *  were  exposed  to  a  heavy  and  destructive  fire 
from  the  *  Caledonian  *  and  four  other  schooners,  armed  with  long 
and  heavy  gun%r 

The  action  of  the  "Phoebe"  with  the  American  frigate 
"  Essex  "  illustrates  and  confirms,  though  happily  in  a  reverse 
sense,  aU  that  has  been  said  on  the  serious  dangers  of  the 
carronade  system  of  armament,  opposed  to  a  vessel,  fitted  with 
long  guns,  commanded  and  managed  as  the  British  frigate  was. 
The  "Phoebe"  mounted  long  IS-pounders  on  the  main-deck, 
and  32-pounder  carronades  on  the  quarter-deck  and  forecastle. 
The  "Essex"  had  forty  32-poHnder  carronades,  and  only  six 
12-poimder  guns  (length  6  feet  8^^^  inches).  Captain  Porter,  of 
the  "  Essex,"  says — "  The  '  Phoebe,'  by  edging  off,  was  enabled 
to  choose  the  distance  which  best  suited  her  long  guns,  and  kept 
up  a  tremendous  fire,  which  mowed  down  my  brave  companions 
by  the  dozen."  Again — "  The  enemy,  fix)m  the  smoothness  of 
the  water,  and  the  impossibility  of  reaching  him  with  our  car- 
ronades, was  enabled  to  take  aim  at  us  as  at  a  target ;  his  shot 
never  missed  our  hull,  and  my  ship  was  cut  up  in  a  manner 
which  was  perhaps  never  before  witnessed." 

This  action  displayed  all  that  can  reflect  honour  on  the  science 
and  admirable  conduct  of  Captain  Hillier  and  his  crew,  which, 
without  the  assistance  of  the  "  Cherub,"  would  have  insured  the 
same  termination.  Captain  Porter's  sneer  at  what  he  calls  the 
"  respectful  distance"  the  "Phoebe"  kept,  are  in  fact  aeknowledg- 
nioiits  of  the  ability  with  which  Captain  Hillier  availed  himself 
of  tlio  superiority  of  his  arms  ;  and  this  brilliant  affair,  together 
witli  the  preceding  facts,  cannot  fail  to  dictate  the  necessity 
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of  abandoning  a  principle  of  armament  exposed  to  such  perils  ; 
and  to  teach  the  importance  of  adapting  the  tactics  of  an 
operation  to  the  comparative  natures  and  powers  of  the  arms. 

151.  The  defects  of  carronades,  and  the  danger  of  employing 
this  imperfect  ordnance,  are  now  generally  felt  and  admitted ; 
that  ordnance,  however,  rendered  important  service  in  its  time, 
for  it  taught  us  practically  the  great  value  of  a  reduced  windage, 
the  advantages  of  quick  firing,  and  the  powerful  effects  produced 
at  close  quarters  by  shot  of  considerable  diameter  striking  a 
ship's  side  with  moderate  velocity.  Let  it  be  observed,  also,  that 
the  carronade-armed  "  Glatton,"  under  Captain  TroUope,*  proved 
victorious  over  a  superior  force  by  dint  of  the  heavy  blows 
inflicted  at  close  quarters ;  while  the  defects  of  the  same  nature 
of  ordnance,  in  long  ranges,  on  the  occasions  mentioned  in  the 
preceding  article,  exposed  the  gaUant  commanders  of  the  British 
ships  to  the  severest  mortifications,  and  the  naval  service  of  the 
country  temporarily  to  reproach.  The  like  reproach,  but  in  a 
still  more  serious  degree,  will  undoubtedly  be  incurred  if  that 
imperfect  arm  be  still  retained  in  the  British  service,  and  its 
place  be  not  supplied,  at  least  in  large  vessels,  by  a  superior 
nature  of  ordnance.  In  the  French  navy,  the  carronade  may  be 
said  to  exist  only  in  name  ;  for  the  carronade  h  tourilUms  is  in 
reality  a  powerful  gun. 

152.  VL — On  Recoil  and  Prep<mderance, — ^It  has  been  found, 
by  suspending  a  gun  in  the  same  manner  as  the  block  of  a 
ballistic  pendulum  is  suspended,  that,  on  attaching  weights  to 
the  piece  in  order  to  diminish  its  recoil,  the  initial  velocity  of 
the  shot  discharged  was  the  same  as  when  the  gun  was  allowed 
to  recoil  to  its  full  extent;  and  even  when  the  recoil  was 
entirely  prevented,  the  velocity  of  the  shot  was  unaltered.  It 
is  evident^  however,  that  some  uncertainty  in  artillery  practice 
must  exist  in  consequence  of  the  irregularity  of  the  recoil ;  and 
it  was  at  one  time  supposed  that,  by  mounting  a  gun  on  a  non- 
recoil  principle,  the  shot  might  be  projected  to  greater  dis- 
tances, but  the  experiments  above  alluded  to  serve  to  show  that 
this  is  not  the  fcict     A  formula  has  been  given  (Art.  72),  by 
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which  the  velocity  of  the  recoil  may  be  computed,  and  it  is 
there  shown  that  the  motion  of  the  shot  mnst  be  very  slightly 
affected  by  the  recoil  if  the  latter  were  steady ;  but  it  is  evident 
that  an  imperfect  equilibrium  on  the  trunnions,  or  an  accident 
happening>to  the  gmi  or  its  carriage  at  the  moment  of  firing,  such 
as  a  bed  breaking,  a  quoin  flying  out,  or  a  truck  coming  off,  will 
sensibly  affect  the  length  as  well  as  the  direction  of  the  range. 

The  following  table  contains  the  results  of  some  experiments 
made  to  determine  the  extent  of  the  recoil  of  sea-service  iron 
guns  on  ship-carriages,  upon  a  horizontal  platform. 


• 

Shot  and  Charges. 

Elevation. 

32-pr. 

24-pr. 

18-pr. 

4 

1  shot,  charge  J ; 

2  shot,  charge  )  of  a  single  shot 
2  shot,  charge  )  ditto 

2° 

4° 

70 

ft.    In. 
11    0 

19    6 

11    6 

ft.    In. 

11  0 

18    6 

12  0 

ft.  »  In. 
10    6 

18    0 

12    0 

In  an  experiment  made  .in  1848  at  Woolwich,  on  a  platform 
inclining  2J  degrees,  two  hollow  shot,  weighing  together  112  lbs., 
were  projected  with  a  charge  of  6  lbs.  of  powder  from  an  8-inch 
gun,  weighing,  with  its  sea-service  carriage,  78  cwt. ;  the  initial 
velocity  must  consequently  have  been  about  709  feet  per  second, 
and  the  velocity  of  the  recoil  (by  the  formula  Art  72)  9  feet 
per  second.  Now  a  32-pounder  gun,  weighing  with  its  carriage 
65  cwt.,  projects  a  solid  shot^  the  charge  being  10  lbs.,  with  an 
initial  velocity  of  1600  feet  per  second,  and  the  velocity  of 
recoil  is  7  feet  per  second.  By  observation,  the  recoil  of  the. 
8-inch  gun,  on  the  inclining  platform,  was  14  feet,  and  that  of 
the  32-pounder  9  feet ;  and  these  extents  are,  as  by  theory  they 
ought  to  be,  nearly  proportional  to  the  squares  of  the  velocities 
of  recoil. 

153.  On  the  discharge  of  a  gun,  the  unsteadiness  of  the  recoil 
and  the  jump  of  the  piece  by  the  striking  of  the  breech  on  the 
quoin  or  on  the  elevating  screw,  are  greatly  affected  by  what  is 
called  the  preponderance,  an  element  which  depends  much  on 
the  position  of  the  trunnions.  If  these  are  placed  too  far  for- 
ward, the  projection  of  the  gun  in  a  sliip's  port  may  be  too 
small,  >vhile  the  breech  is  rendered  too  heavy ;  if  too  far  back, 
the  muzzle  droops  on  firing,  and  violent  shocks  are  produced 
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on  the  quoin  or  screw ;  and  these  effects  are  much  aggravated 
when  the  common  axis  of  the  trunnions  is  below  that  of  the 
bore.  In  order  that  such  inconveniences  may  be  avoided  as 
much  as  possible,  the  pressure  of  the  breech,  when  the  axis  of 
the  bore  is  horizontal,  is  usually  made  equal  to  one-twentieth 
of  the  whole  weight  of  the  gun.  The  preponderance  of  a  piece 
of  ordnance  is  a  very  important  featiu'e  in  gunnery,  on  account 
of  its  effects  in  producing  .shocks,  and  in  rendering  the  practice 
inaccurate ;  and  the  amount  of  it  is  now  made  a  subject  of  a 
particular  proof. 

154,  It  is  remarkable  that,  in  the  experiments  which  were 
carried  on  at  Shoebury  Ness,  in  June,  1852  (Art.  193,  p.  152),  the 
higher  elevation  of  the  ordnance  always  gave  the  greater  recoils, 
though  the  charges  and  weight  of  the  shot  were  equal  and  the 
guns  the  same.  At  an  elevation  of  32°,  for  example,  the  recoil 
was  4  feet  1  inch,  which  is  nearly  double  the  recoil  (2  feet 
2  inches)  at  an  elevation  of  28°.  The  circumstance  is  so  con- 
trary to  what  should  take  place  on  mechanical  principles,  if  the 
platform  were,  in  all  the  experiments,  equally  inclined,  that  it 
must  be  ascribed  to  some  particular  effect  produced  in  the  plat- 
form itself.  May  not  a  gun  fired  at  a  considerable  elevation 
acquire  a  jumping  motion  up  and  down,  thus  shaking  the 
carriage  irregularly,  and  making  it  recoil  on  the  slides  more 
than  it  would  at  a  less  elevation  ? 

With  respect  to  the  strain  produced  in  the  carriage  of  a  gun 
by  the  discharge  of  shot,  it  may  be  observed  that  experiments 
made  in  France  show  that  the  initial  velocity  of  the  shot,  and, 
consequently,  the  velocity  of  the  recoil,  increases  with  the 
elevation  of  the  gun ;  and  this  is  suflScient  to  account  for  the 
increase  of  the  strain  with  the  increase  of  the  elevation.  At 
10°  of  elevation  the  strain  is  greater  than,  with  double  the 
charge,  it  is  when  the  axis  of  the  gun  is  horizontal..  It  is 
evident,  therefore,  that,  in  order  to  have  the  strain  as  little  as 
possible,  the  lowest  elevations  should  be  given  which  will  afford 
the  required  range.  The  strain  on  a  gun  is  supposed  to  vary 
with  the  sine  of  the  elevation. 

155.  YIL-r-The  Effects  of  Wads. — Experience  has  proved  that 
different  degrees  of  ramming,  or  different  dimensions  of  wads. 
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make  no  sensible  alteration  in  the  velocities  of  the  ball  as  deter- 
mined by  the  vibrations  of  the  suspended  gun.  Stout,  firm 
junk-wads,*  so  tight  as  with  diflSculty  to  be  rammed  into  the 
gun,  have  been  used :  sometimes  they  were  placed  between  the 
powder  and  ball,  'sometimes  over  both,  but  no  difierence  was 
discovered  in  the  velocity  of  the  balL  Different  degrees  of 
ramming  were  also  tried  without  wads.  The  charge  was  some- 
times set  home  without  being  compressed,  sometimes  ranmied 
with  different  numbers  of  strokes,  or  pushed  up  with  various 
degrees  of  force:  but  the  velocity  of  the  ball  remained  the 
same.  With  great  windage,  the  vibrations  of  the  pendulum 
were  much  reduced,  although  tight  wads  under  the  shot  were 
used  ;  so  that  wads  do  not  prevent  the  escape  of  the  inflamed 
powder  by  the  windage,  nor  under  any  circumstances  occasion 
any  sensible  difference  in  the  velocity  of  the  balL 

156.  It  follows  that  tight  wads  should  not  be  used  in  action, 
because  they  increase  the  difficulty  of  loading,  without  doing 
any  good :  they  may  be  used  in  loading  guns  before  an  affair ; 
but,  with  a  view  to  quick  firing,  the  wads  used  in  action  should 
be  no  tighter  than  is  necessary  to  prevent  the  charge  from 
shifting  while  the  gun  is  run  .out.  Occasionally  the  operation 
of  ramming  home  a  tight  wad  has  taken  up  two  or  three 
minutes.  This  is  a  very  serious  and  unnecessary  waste  of  time. 
When  a  wad  is  so  '^  high,"  or  tight^  as  to  require  the  force  of  a 
blow,  instead  of  a  push^  it  spreads  from  the  stroke,  and  conse- 
quently becomes  harder,  and  more  difficult  to  be  moved.  Care 
should  therefore  be  taken  to  provide  easy  wads,  correctly 
gauged,  and  made  so  as  to  spread  under  a  pressure  sufficient 
to  retain  the  charge  from  shifting,  upon  being  set  up  with  a 
smart  blow. 

157.  From  experiments  made  in  France  (1842-1844)  with  a 
30-pounder  and  a  12-pounder,  long  guns,  projecting  solid  and 
hoUow  shot,  with  and  without  wooden  bottoms,  it  appears  that, 
generally,  the  charges  being  equal,  the  cartridge  which  lias  the 


"  AVads  are  generally  made  of  roi)e-yam  rolled  up  in  a  cylindrical  form  ; 
they  are  usually  placed  immediately  on  the  shot,  and  they  fit  the  gun  rather 
tightly,  so  that  they  may  prevent  the  shot  from  shifting  its  place  or  rolling 
out.  A  grummet  wad  consists  of  a  piece  of  rope  formed  lik^  a  ring,  the 
external  diameter  being  equal  to  the  calibre  of  the  gun. 
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greater  diameter  causes  the  shot  to  have  a  greater  initial 
velocity.  This,  however,  was  not  always  the  case ;  and  it  was 
fooiid  that,  with  the  SO-pounder  gun,  the  initial  velocity  was  the 
greatest  when  the  diameter  of  the  powdeir  within  the  cartridge 
was  5.95  inches  (Eng.),  and,  with  the  12-pounder  gun,  4.33 
inches  (Eng.).  In  1845  the  diameters  of  the  mandrins  (moulds) 
used  in  making  cartridges  for  the  French  canons-obusiers  were 
regulated  conformably  to  the  above  results.   (See  Arts.  225, 226.) 

It  may  be  observed  that  the  velocities  were  greater  when  the 
hollow  shot  had  wooden  bottoms  than  when  they  had  not,  in  the 
ratio  of  1  to  '98  nearly. 

158.  From  experiments  made  on  board  the  "Excellent"  in 
1847,  it  was  found  that  a  grummet  wad  is  more  eflScient  than 
one  of  junk,  in  preventing  the  cartridge  from  shifting  its  place 
in  the  bore  when  the  guns  (a  32-pounder  and  a  10-inch  and 
8-inch  shell  gun)  Were  run  out  with  a  strong  jerk.  From  the 
experiments  alluded  to,  it  must  be  inferred  that,  both  with  junk 
and  grummet  wads,  the  cartridge  is  more  liable  to  change  its 
place  in  the  guns  with  conical  chambers  than  in  those  which 
have  none;  and  the  fact  affords  strong  evidence  of  the  dis- 
advantages of  using  chambered  ordnance  (see  Art.  126)  for 
broadside  shot-guns  in  quick  firing,  the  chambered  ordnance 
requiring  the  introduction  of  a  wad  over  the  cartridge  before 
the  shot  is  put  in,  whereas  in  a  cylindrical  bore  the  shot  may 
always  be  set  home  in  immediate  contact  with  the  cartridge. 

Several  valuable  experiments  have  recently  been  made  by 
Major  Mordecai,  of  the  United  States'  artillery,  on  the  devia- 
tions of  shot  from  the  object  when  wads  of  different  kinds  were 
employed :  the  gun  being  a  14-pounder,  the  windage  .143  inch, 
and  the  charge  6  lbs. 

These  deviations  were  found  to  be  the  greatest  when  junk 
wads  were  used,  whether  one  wad  was  placed  on  the  ball  only, 
or  one  on  the  powder  and  another  on  the  ball.  The  deviations 
were  also  considerable  when  hay  wads  were  used;  and  they 
were  the  least  when  grummet  wads  were  employed,  whether  one 
only  was  placed  on  the  ball,  or  there  was  placed  one  on  the 
powder  and  another  on  the  ball.  The  deviation  was  rather 
greater  when  a  sabot  was  next  to  the  powder,  and  a  grummet 
wad  over  the  ball. 
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159.  With  re^)ect  to  small  arms,  it  is  found  that  wads  of 
diflferent  kinds  have  different  effects  upon  the  projectile  by 
modifying  the  action  of  the  charge;  and  from  experiments 
which  have  been  jnade  in  the  United  States  with  a  musket- 
pendulum,  the  following  results  have  been  obtained. 

With  a  charge  equal  to  77  grains,  a  musket-ball  wrapped  in 
cartridge-paper,  and  the  paper  crumpled  into  a  wad,  the  velocity 
of  the  ball  was  1342  feet ;  and  when  two  felt  wads,  cut  from  a 
hat,  were  placed  on  the  powder  with  one  on  the  ball,  the  velocity 
was  1482  feet.  With  a  charge  equal  to  140  grains,  two  felt 
wads  being  placed  on  the  powder  and  one  on  the  ball,  the  velo- 
city was  1525  feet;  when  cartridge-paper  was  used,  crumpled 
into  a  wad,  the  velocity  was  1575  feet ;  and  when  one  wad  of 
pasteboard  was  placed  over  the  powder  with  another  on  the  ball, 
it  was  1599  feet.  These  results  seem  to  indicate  that  wads 
made  of  the  stiffest  materials  are  the  most  advantageous. 

160.  VIII. — Penetrations  of  Shot  into  Materials. — The  experi- 
ments which  have  been  made  to  determine  the  penetration  of 
shot  into  different  substances,  have  led  to  very  various  and  often 
discordant  results,  arising,  no  doubt,  from  inequaUties  in  the 
consistency,  or  in  the  degrees  of  elasticity,  of  the  materials,  but 
all  of  them  tend  to  confirm  the  laws  which  have  been  stated  in 
Art  82.  In  that  article  there  is  given  a  formula  (c)  for  com- 
puting the  depth  of  the  penetration  of  shot  into  oak  timber; 
and  Table  XXI.,  Appendix  B,  contains  the  computed  amounts 
of  penetration,  the  shot  beiiig  fired  from  different  natures  of 
French  ordnance  and  at  different  distances  of  the  gun  from  the 
object.  The  table  is  abridged  from  the  *  Aide  Memoire  Navale,' 
Paris,  1850 ;  the  weights  and  measures  being  expressed  in 
English  denominations.  The  velocities  at  the  time  of  impact 
are  computed  from  the  formula  (c).  Art.  63 ;  and  the  depths 
penetrated,  from  the  formula  (c),  Art.  82.*    M.  Piobert,  in  his 


"  In  order  to  have  the  penetrations  of  shot  into  other  media,  the  numbers 
in  the  table  must  be  multiplied  by  1.64  for  firm  earth,  consisting  of  sand  and 
clay  in  et^ual  jwrtions  ;  by  1.3  for  sand  and  gravel  intermixed ;  by  3.21  for 
earth  newly  raised,  and  .41  for  sound  masonry.  Experiments  in  France 
liave  shown  that  wood,-  in  consequence  of  its  elasticity,  recovers  nearly  its 
original  volume  after  being  penetrated,  and  thus  closes  up  the  cavity  formed 
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*  Traits  d'Artillerie/  has  given  Tables  professing  to  contain  the 
results  of  experiments  made  in  France  on  the  depths  of  the 
penetration  of  shot  into  masonry,  wood,  earth,  and  water,  fix)m 
guns  of  different  caUbres,  with  various  charges  of  powder,  and  at 
different  distances  from  the  object  struck. 

161.  In  order  to  determine  the  circumstances  approaching  as 
nearly  as  possible  to  those  which  may  occur  in  the  naval  service, 
many  experiments  were  made  in  1838  on  board  of  H,  M.  S. 
"  Excellent,"  under  Captain  Sir  Thomas  Hastings,  by  firing  both 
solid  and  hollow  shot  against  the  "  Prince  George  "  hulk,  which 
was  moored  at  the  distance  of  1200  yards.  The  guns  were  laid 
at  small  angles  of  elevation,  generally  between  2  and  3  degrees, 
except  when  the  shot  was  intended  to  strike  the  hull  after 
ricocheting  on  the  surface  of  the  water,  when  the  elevations 
were  1  degree ;  and  the  following  is  a  brief  statement  of  some 
of  the  most  remarkable  effects  which  were  produced.  It  should 
be  observed  that  the  shots  often  entered  the  side  of  the  hulk 
diagonally,  and  pierced  or  splintered  parts  of  the  structure  at 
different  places  in  the  interior;  the  depth  penetrated  is  ex- 
pressed by  the  sum  of  the  distances  in  solid  wood,  which  the 
shot  passed  through  or  deeply  furrowed. 

Several  18-pounder  shot,  with  charges  of  6  lbs.  of  powder, 
penetrated  to  depths  varying  from  21  to  33  inches,  according  to 
the  state  of  the  wood,  and  there  stuck.  The  effects  produced 
by  32-pounder  shot  were  much  greater ;  with  a  charge  of  6.  lbs. 
one  passed  through  the  ship's  side  diagonally  in  indiSTerent  wood 
(30  inches),  then,  continuing  its  course,  it  struck  a  knee  on  the 
opposite  side  of  the  ship,  making  one  large  splinter,  and,  after 
rebounding,  it  struck  the  combings  on  the  side  which  it  first 
entered.  Another,  with  an  equal  charge,  passed  through  the 
bow  portsill,  and  struck  upon  the  iron  knees  of  the  cable-bitts, 
which  it  broke  in  two ;  the  standard  of  the  bitts  was  also  shaken 
to  pieces.  The  shot  itself  was  broken  in  pieces,  and  the  frag- 
ments cut  the  chain-cable  in  two  places.  With  charges  of  8  lbs. 
the  32-pounder  shot  penetrated  to  depths  varying  from  22  to 
48  inches. 

by  shot  on  striking  it.  Experiments  have  also  shown  that  a  projectile 
remains  embedded  in  oak  only  when  it  has  penetrated  to  a  depth  nearly  equal 
to  its  diameter. 

I  2 
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Two  32-pounder  shot  fired  singly  with  charges  of  10  lbs.  11  pz., 
entered  at  the  same  place,  so  as  to  render  it  impossible  to  dis- 
tinguish their  separate  eflFects ;  together,  after  penetrating  through 
the  ship's  side  in  firm  wood,  they  shattered  a  sound  wooden 
knee  :  they  then  passed  across  the  deck,  cutting  down  a  wooden 
stanchion  6  feet  long  and  8  inches  square  under  the  beam ;  this 
they  shattered  in  pieces,  causing  many  splinters,  six  of  which 
were  very  large,  and  one  of  them  swept  tlie  deck  as  far  as  the 
pumps.  One  of  the  two  shot  penetrated  its  own  depth  in  sound 
wood  on  the  opposite  side  of  the  ship,  and  there  stuck ;  the 
other  struck  and  splintered  a  port  on  the  opposite  side,  after 
which  it  rebounded  against  the  side  which  it  first  entered. 

A  68-pounder  shot  (solid),  with  a  charge  of  10  lbs.,  penetrated 
diagonally  through  an  oak  chock  of  sound  wood,  which  it  shat- 
tered to  pieces,  flattening  a  large  iron  bolt;  from  thence  it 
passed  into  the  ship's  side  in  good  wood,  making  a  total  pene- 
tration of  46  inches. 

162.  Many  hollow  shot  were  fired  with  remarkable  effects 
from  68-pounder  guns,  making  penetrations  which  varied  from 
25  to  56  inches.  One  of  these,  with  a  charge  of  8  lbs.,  pene- 
trated the  side  of  the  hulk,  passing  through  28  inches  of  good 
wood,  tore  out  the  iron  hook  which  holds  the  port-hinge,  and 
fractured  the  after  side  of  the  port,  driving  the  splinters  about 
the  deck.  It  rent  away  the  end  of  a  beam,  grazed  the  deck, 
passing  through  two  planks,  and  cutting  dovm  a  stanchion 
8  inches  square,  making  several  large  splinters ;  it  then  struck 
against  the  opposite  side  of  the  ship,  from  whence  it  reboimded 
against  that  which  it  entered.* 

Hollow  shot  from  a  68-pounder  carronade,  with  a  charge  of 
5  lbs.  8  oz.,  penetrated  to  depths  varying  from  28  to  31  inches. 
One  of  these  pierced  through  the  ship's  side  (24  inches)  just 
above  the  water-line,  in  fair  wood,  and  then  passed  tlnx)ugh  the 
ceiling  in  the  orlop  (7  inches  thick),  consisting  of  very  strong 
wood,  shattering  dt  considerably. 

163.  In  1848  some  experiments  were  made  to  try  the  pene- 


*  At  800  yards,  with  heavy  guns,  a  charge  of  one  quarter  of  the  weight  of 
shot  may  always  be  used  ;  at  500  yards  the  charge  may  be  reduced  to  one- 
si  xtli  ;  luid,  within  400  yards,  two  shot  at  once  may  be  used  with  advan- 


tage. 
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tration  of  shot  into  water,  when  fired  with  small  angles  of 
depression  towards  its  surfiewe.  In  these  experiments  three 
targets  were  placed  vertically  in  the  water,  8  feet  asunder, 
the  nearest  being  about  37  yards  from  the  mouth  of  a  gun, 
which  was  a  32-pounder,  and  charged  with  10  lbs.  of  powder. 

When  the  gun  was  depressed  7  degrees,  the  shot  struck  the 
first  target  at  the  water's  edge,  and,  passing  through  it,  rose 
from  thence  and  pierced  the  other  targets  at  the  heights  of  12 
and  18  inches  above  the  water.  Again,  the  water  having  risen 
2  feet,  the  gun,  charged  as  before,  was  fired,  when  the  shot 
striking  the  water  at  8  feet  short  of  the  nearest  target,  rose  and 
passed  through  the  three  targets  successively:  the  first  at  6 
inches  from  the  water,  and  the  others  successively  higher.  The 
same  gun  being  fired  with  a  depression  of  5  degrees,  the  shot 
passed  through  the  first  target  under  water,  grazed  4  feet,  and 
rebounded  from  the  second  target. 

The  gun  was  fired  once  with  a  depression  of  9  degrees,  when 
the  shot  did  not  come  up  again.  It  passed  through  the  first 
target  at  2  feet  under  water,  and,  grazing  along  the  mud, 
rebounded  from  the  second  target,  having  entirely  lost  its  force. 
With  a  depression  of  7  degrees,  the  shot  being  fired  into  the 
water  where  it  was  1  foot  deep,  rose,  after  grazing  about  8  feet 
along  the  mud,  and  at  length  fell  at  the  distance  of  400  yards. 
Being  fired  with  the  same  depression  into  water  2  feet  deep,  the 
shot  did  not  reach  the  mud,  but  immediately  rose,  and  finally 
fell  about  600  yards  ofi^. 

164.  In  order  to  ascertain  if  shot  reflected  from  water  would 
damage  a  ship,  shots  from  a  32-pounder  gun,  with  a  charge 
of  10  lbs.  and  a  depression  equal  to  7  degrees,  were  fired  from 
a  lump  alongside  of  the  "Leviathan,"  and  the  following  are  some 
of  the  effects  produced : — ^At  the  distance  of  16  yards,  the  shot 
struck  the  water  at  4  feet  from  the  ship's  side,  and  in  one 
experiment  it  lodged  in  the  cutwater ;  in  another  it  indented 
the  ship's  side,  and  in  both  cases  it  struck  at  18  inches  below 
the  water-line.  At  the  distance  of  36  yards,  with  a  depression 
of  5  degrees,  the  shot  struck  the  water  at  distances  from  the 
ship's  side  varying  from  2  to  15  feet ;  and  ricocheting,  entered 
the  ship  at  distances  above  the  water-line  varying  from  2  inches 
to  3  feet. 

In  consequence  of  the  loss  of  force  which  the  balls,  in  all 
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these  experiments,  sustamed  by  striking  the  water,  it  has  been 
inferred  that,  if  a  shot  be  fired  with  such  a  depression  as  a  ship's 
gun  will  bear,  it  will  not  penetrate  into  water  more  than  2  feet ; 
and  consequently  that  it  will  be  impossible  to  injure  a  ship  by 
firing  at  her  under  water.  The  correctness  of  this  inference  we 
must  however  be  permitted  to  doubt  till  further  experiments 
have  been  made.  It  is  highly  probable  that  conoidal  shot 
would  penetrate  to  a  certain  depth  into  the  water,  and  strike 
the  sliip  below  the  water-line. 

165.  From  the  tables  of  ricochet  practice  made  on  board 
the  "  Excellent "  in  1838,  against  the  "  Prince  George "  hulk 
at  the  distance  of  1200  yards,  the  following  particulars'  are 
extracted: — A  shot  fired  from  a  32-pounder  at  an  elevation  of 
half  a  degree,  with  a  charge  of  10  lbs.  11  oz.,  penetrated,  after 
one  graze  from  the  water,  the  after  port-timber  of  one  of  the 
ports,  to  the  depth  of  28  inches  in  very  good  wood,  shattered 
the  head  of  the  rider,  started  the  plank  between  the  ports,  and 
passed  over  to  the  opposite  side,  where  it  penetrated  to  the 
depth  of  10  inches.  This  shot  also  broke  the  beam-clamp,  a 
piece  of  good  wood  6  inches  thick. 

A  68-pounder  hollow  shot,  with  a  charge  of  12  lbs.  and  an 
elevation  of  half  a  degree,  after  five  grazes  struck  a  chock  of 
solid  wood  4  feet  8  inches  thick  under  the  fender,  and  shattered 
it  in  pieces.  It  struck  also  a  large  iron  bolt,  which  it  flattened* 
Another,  with  a  charge  of  10  lbs.  and  an  elevation  of  1  degree, 
after  two  grazes  penetrated  the  ship's  side  diagonally  (34 
inches),  in  tolerably  good  wood,  below  the  chocks,  and  lodged 
behind  a  cluster  of  iron  knees  on  the  orlop-deck,  which  were 
shaken  considerably.  The  planking  on  the  outside  of  the  ship 
was  also  started.  A  third,  after  two  grazes,  struck  a  chock 
used  for  the  sheers,  tearing  oflf  a  piece  6  feet  long,  1  foot  deep, 
and  2^  feet  broad.  It  then  penetrated  11  inches  deep  in  the 
ship's  side,  in  bad  wood. 

A  G8-pounder  shot,  with  a  charge  of  8  lbs.  and  an  elevation 
of  1  degree,  after  two  bounds,  penetrated  to  the  dejTth  of 
24  inches,  close  to  the  side  of  a  port  just  above  the  lower 
port-sill,  in  bad  wood,  started  the  inside  planking,  and  tore  ofif 
a  piece  >vhich  splintered.  One  of  the  splinters,  a  very  large 
one,  was  thrown  beyftnd  the  main-hatchway  to  the  opposite  side 
of  tlie   deck.      The  shot  having   crossed  the   deck,   struck   a 
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comer  of  the  main-hatchway  combings,  and  tore  out  a  large 
piece  on  each  side,  destroying  the  use  of  the  combings.  It 
struck  a  winch-handle  which  was  lying  on  the  deck,  and  drove 
one  end  of  it  through  a  portnscuttle.  After  striking  the 
combings,  the  shot  grazed  a  beam  and  fell  on  "the  deck. 
Another  shot,  with  a  charge  of  7  lbs.  and  an  elevation  of  1 
degree,  after  three  bounds,  penetrated  tlirough  the  ship's  side 
diagonally  (29  inches),  shattered  the  ceiling,  and  made  severed 
splinters. 

A  hollow  shot  from  a  68-pounder  carronade,  with  a  charge 
of  5  lbs.  8  oz.  and  an  elevation  of  4  degrees,  after  one  bound, 
struck  the  upper  surface  of  a  bulwark,  and  went  overboard. 

Ricochet  practice  is  now  much  better  understood  than 
formerly,  and  is  daily  becoming  more  important  in  the  ser- 
vice. When  made  with  large  ordnance  it  is  susceptible  of 
great  accuracy  on  level  ground,  or  on  the  surface  of  smooth 
water. 

166.  In  1838,  experiments  were  made  at  Gavre  with  two 
solid  balls  fired  at  once  against  a  butt  of  oak  timber,  in  order 
to  determine  the  different  penetrations  of  the  shot,  and  the 
distances  between  their  centres  at  different  distances  from  the 
piece.  The  diameter  of  each  shot  was  6*283  inches  (English), 
and  its  weight  33  lbs.  4*6  oz.  Three  different  natures  of  ord- 
nance were  used:  a  long  30-pounder  (French)  gun,  a  canon- 
obusier  of  30,  and  a  30-pounder  (French)  carronade.  One 
ball  was  in  contact  with  the  charge,  and  the  other  in  contact 
with  the  former.  In  the  carronade,  a  grummet  wad  was  placed 
over  the  shot  which  was  farthest  from  the  charge,  but  in  the 
other  pieces  a  junk  wad.  The  following  tables  exhibit  the 
results : — 

Table  I. 


Nature 

Charge. 

Initial  Velocity. 

Velocity  at  Striking. 

Penetration. 

of 
Ordnance. 

Ball 
nearest 

the 
Charge. 

Ball 

farthest 

from  the 

Charge. 

Ball 
nearest 

the 
Charge. 

BaU 

farthest 

from  the 

Charge. 

Ball 
nearest 

the 
Charge. 

Ball 
farthest 
from  the 
Chai^. 

Long  30  pr. . . 
Canon-obufiier\ 

of  30        ../ 
30-pr.    Carro-I 

nado        ..) 

lb,    oz. 
8    4.3 

4    6.4 
3    8.4 

ft  per  sec. 
938 

761 
727 

ft  per  sec. 
1194 

958 
856 

ft.  per  sec. 
889 

718 
689 

ft.  por  sec. 
1129 

905 
810 

inches. 
29.61 

21.06 
19.68 

inches. 
42.12 

80.51 
20.59 
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Table  II. 

Distances 

Long  30*pr. 
Charge  8  lbe.4.3  os. 

Canon-obusier  of  30. 
Charge  4  lbs.  6.4  ox. 

30-pr.  Carronade. 
Charge  3  lbs.  8.4  oz. 

of  the 
Butt 

Distances  between  the 
Centres. 

c 

Distances  between  the 
Centres. 

Distances  between  the 
Centres. 

Horizontal. 

VerticaL 

Horisontal. 

VerticaL 

r 

HorizontaL 

Vertical. 

Yards. 
55 
109 
1(>4 
219 
274 
328 
383 
437 

ft.       in. 
1       0.2 

1  11.2 

2  0.8 

3  1.4 
2      4.S 

4  8.6 

5  8.4 

6  8. 

ft     in. 

0  8.3 

1  7.8 
4    0.4 
4    6.3 
9    3. 
9    4.6 

11    0.2 
13    8.9 

ft.       in. 

0  8.6 
2      8.5 

1  7.7 
4      7.9 
4      0. 
4      8.6 
4    11.4 
9      8.5 

ft       in. 
0      7.9 
2      0. 
2      9.8 
6      8.6 
6      6.3 
5      6.5 

10  10.7 

11  6.4 

ft       in. 
0      5.9 

0  11.8 

1  5.7 
3      6.9 
5      0.6 
7      6.5 

ft       in. 
1      3.7 

1  5.7 

2  5.9 
2      1.6 
2    11.4 
4      4.7 

*• 


From  all  these  experiments,  it  is  evident  that  the  ball 
which  was  in  contact  with  the  charge  had  the  least  velocity 
and  the  least  penetrating  power  (see  Art.  104).  It  is  further 
remarkable  that,  with  the  two  first  pieces  at  distances  beyond 
150  yards,  the  vertical  dispersioH  greatly  exceeds  the  horizontal 
dispersion. 

167.  In  the  summer  of  1835  some  experiments  were  carried 
on  at  Metz,  in  order  to  ascertain  the  effects  of  cannon-shot  on 
plates  of  forged  iron,  carefully  xnanufactured  by  rolling;  and 
the  following  account  of  them  is  extracted  from  the  *  Memorial 
d' ArtiUerie,'  No.  5,  page  361.  ^^  The  dimensions  and  weights  are 
given  in  English  denominations : — 

No.  1  plate  was  48.8  inches  long,  18.4  inches  wide,  1.44  inches 
thick,  and  weighed  343  lbs.  No.  2  plate  was  40  inches  long, 
16  inches  wide,  1.72  inches  thick,  and  weighed  220  lbs.  No.  3 
plate  was  62.4  inches  long,  18  inches  wide,  3.08  inches  thick, 
and  weighed  581  lbs.  The  shot  were  fired  from  12-pounder 
and  24-pounder  guns  (French),  which  were  placed  at  the  dis- 
tance of  66^  feet  from  the  plates. 

From  the  12-pounder  gun,  with  a  charge  equal  to  2  oz.  and 
a  velocity  equal  to  340  feet  per  second,  impressions  from  0.16 
inch  to  .2  inch  were  made  in  No.  1  and  No.  2  platea  The 
shot  was  unaltered  in  form,  and  rebounded  back  to  a  distance 
of  117  feet.  From  the  24-pounder  gun,  charge  8.8  oz.,  and  a 
velocity  of  463  feet,  the  shot  produced  a  crack  in  the  roar  face 
of  No.  2  plate;  with  a  charge  of  1.1  lb.,  and  a  velocity  of  633 


Pabt  II.         THEORY  AND  PRACTICE  OF  GUNNERY.  121 

feet,  the  shot  completely  pierced  No.  1  plate,  and  detached  a 
fragment. 

From  the  12-pounder  gun,  charge  1.1  lb.,  velocity  866  feet, 
the  fire  being  directed  against  No.  1  plate,  also  with  a  charge 
equal  to  2.2  lbs.,  and  velocity  1216  feet,  the  fire  being  directed 
against  No.  3  plate,  the  shot  did  not  pass  through,  but  pro- 
duced* deep  impressions  and  cracks  towards  the  bottom  of  the 
indentation.  The  shot  were  broken,  and  the  plates  were  brought 
to  a  heat  which  produced  a  deep  blue  colour  at  the  places  of 
fracture.  From  the  24-pounder  gun,  charge  4.4  lbs.,  and  velo- 
city 1266  feet,  the  shot  did  not  pierce  No.  3  plate,  but  produced 
cracks  diverging  from  the  centre  of  the  impression  ;  but  with  a 
charge  equal  to  6.6  lbs.,  and  velocity  1500  feet,  the  shot  per- 
forated No.  3  plate,  carrying  out  a  portion  corresponding  nearly 
to  its  own  diameter.  With  charges  above  4.4  lbs.,  the  shot 
passed  completely  through  No.  1  and  No.  2  plates,  and  the 
diameters  of  the  holes  were  found  to  approach  that  of  the  shot 
in  proportion  as  the  velocity  of  the  latter  was  greater.  In  one 
case  the  hole  appeared  as  if  punched  in  a  form  very  nearly 
circular.* 

168.  From  the  experiments  made  at  Metz  in  1834,  it  appears 
that  masses  of  cast-iron  above  1  yard  square  aud  13  inches 
thick,  do  not  resist  the  shock  of  balls  fired  against  them  with 
even  moderate  velocities,  having  been  fractured  not  only  at 

■  Tliis  warrants  the  conclemDation  pronounced  by  high  authority  on  iron 
steamers  in  France  : — "  De  tous  les  na vires  a  vapeur,  les  plus  impropres  a  la 
guerre  sont  ceux  en  fer."— (*Les  Principes  et  TOrganisation  de  la  Marine  de 
Guerre,'  par  le  G^n^ral  Du  Bourg,  ancien  officier  de  la  Marine,  p.  313,  Paris, 
1849.)  The  French  were  the  first  to  propose  the  introduction  of  the  use  of 
iron  in  the  formation  of  steam-vessels  armed  with  "  la  nouvelle  arme"  the 
canon-obusi^.  Colonel  Paixhans  entertained  an  opinion  that  such  vessels 
might  thus  be  made  shell-proof,  and  accordingly  propounded  this  in  his  work 
(*  Nouvelle  Force  Maritime,*  page  7),  in  which  it  is  announced  that  the  steam- 
vessels  so  armed  and  fitted  were  to  be  made  proof  against  artillery  by  being 
cuirasses  en  fer !  This  proposition  was  taken  into  consideration  by  the 
Comity  Consultatif  de  la  Marine,  to  which  the  whole  of  the  project  was 
referred,  for  a  Report;  and  seriously  entertained  and  discussed  by  them 
(see  section  No.  19,  pp.  92  et  seq,  in  the  work  just  quoted)  ;  and  this  it  was 
that  led  to  the  construction  of  iron  steamers  in  our  naval  service.  The  pro- 
position of  rendering  ships  impenetrable  to  shot,  in  this  or  any  other  manner, 
was  found  to  be  impracticable  by  any  means  available  in  ship-building.  The 
French  soon  afterwards  came  to  the  conclusion  that,  of  all  vessels  that  can  be 
constructed,  those  made  of  iron  are  the  most  improper  for  war ;  and  they  for 
a  time  desisted  from  any  attempts  to  introduce  iron  vessels  into  their  naval 
service. 
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the  point  of  contact^  but  also  at  points  considerably  distant 
from  thence.  It  was  found  also  that  the  sides  of  a  traversing 
gun-carriage  of  iron,  whose  dimensions  exeeeded  those  of  any 
carriage  which  can  be  employed  on  service,  were  broken  by 
an  8-pounder  ball,  having  a  velocity  of  492  feet,  which  proves 
that  carriages  of  this  nature  would,  if  struck,  be  rendered  unser- 
viceable; and  that  a  collision  which,  with  a  wooden  carriage, 
would  have  damaged  only  an  accessory  part,  without  requiring 
its  being  replaced,  would,  with  a  cast-iron  carriage,  have  a  more 
fatal  effect.  Not  only  is  the  object  struck  destroyed  in  a  short 
time,  but  the  fragments  scattered  in  different  directions  are 
highly  dangerous. 

169.  In  August,  1840,  some  experiments  were  made  at 
Woolwich,  in  order  to  detenmne  the  effects  of  shot  upon  an 
iron  target  lined  with  a  composition  of  caoutchouc  and  cork, 
the  invention  of  Lieut  Walker  of  the  Hoyal  Marines.  The 
thickness  of  the  iron  was  |  of  an  inch,  and  of  the  composition 
9  inches.  The  gun  was  a  32-pounder,  and  was  placed  at  the 
distance  of  40  yards  f5rom  the  target 

With  a  charge  equal  to  J  lb.  of  powder  the  shot  rebounded, 
making  only  a  small  indentation;  but  with  a  charge  equal 
to  i  lb.  the  shot  penetrated  the  iron  and  lodged  in  the  compo- 
sition :  had  the  shot  been  heated,  the  composition  would  have 
been  set  on  fire,  when  by  no  immediate  possibility  could  the 
shot  have  been  taken  out,  so  that  the  consequences  might 
have  been  fatal  With  a  charge  of  1  lb.  the  shot  passed 
through  both  the  iron  and  the  composition,  producing  a  clean, 
round  hole,  the  disk  which  was  struck  out  being  nearly  a 
circle ;  and  with  a  charge  of  10  lbs.  there  was  form^  a  clean 
hole,  but  the  fragments  struck  out  were  very  numerous,  small, 
and  jagged. 

The  target  was  then  turned  so  as  to  present  to  the  gim 
the  face  armed  with  the  composition ;  when,  with  a  charge 
of  1  lb.,  there  was  formed  an  irregular  fracture  13  inches 
long;  and,  with  a  charge  of  10  lbs.,  the  target  was  pierced  and 
greatly  torn,  the  mean  diameter  of  the  perforatiort  being  18  or 
19  iuelies.  It  does  not  appear,  therefore,  than  any  advantage 
would  be  gained  by  thus  lining  or  covering  the  sides  of  an  iron 
vrssol. 
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170.  In  1840  a  series  of  experiments  were  also  carried  on 
at  Gavre,  in  France,  with  grape-dwt,  consisting  of  10  balls  of 
4  lbs.  each,  disposed  in  two  layers  between  two  plates  of 
wrought  iron,  through  which  passed  a  central  stem ;  the  balls 
were  confined  laterally  by  three  iron  hoops,  one  above  another, 
and  the  upper  plate  was  kept  dose  over  the  balls  by  means  of  a 
screw.  The  grape,  which  was  fired  from  a  canon-obusier  of  80, 
with  and  without  a  wooden  bottom,  weighed  in  the  former  case 
72  lbs.  12  oz.,  and  in  the  latter  67  lbs.  12  oz.  And  the  foUow- 
ing  is  a  table  exhibiting  the  dispersions  of  the  balls  at  different 
distances  from  the  gun : — 


Onpe  with  Wooden  Bottoms. 

Qr^M  without  Wooden  Bottoma. 

in 

niaperaioo  in  Feet  and  Inchet. 

Dispenion  in  Feet  and  Inches. 

Tardg. 

HorizontaL 

Vertical. 

Mean. 

HorizontaL 

Vertical. 

Mean. 

109 
164 
219 
274 
328 

ft     in. 
3    2 
11     9 
15    1 
18    0 
22  11 

ft.     in. 
9     7 
.    13     6 
15     4 
18     6 
28    6 

ft      In. 
6    4.5 
12    7.5 
15    2.5 
18    3. 
25    8.5 

a     in. 
6     4 
12    7 
16     0 
19    7 
26    7 

ft    In. 
7    7 
11    7 
18    1 
21    4 
29    3 

ft     in. 
6  11.5 
12     1. 
17    0.5 
20    5.5 
27  11. 

From  the  experiments  alluded  to,  it  may  be  deduced  that 
the  mean  deviation,  at  the  distance  of  1  yard  from  the  gun. 


For  grape-shot  with  wooden  bottoms 
For      ditto      without  ditto 


0.96  inches. 
1.04 


» 


From  experiments  made  on  grape-shot,  the  balls  being  con- 
tained in  a  canvass  b^  as  usual,  when  fired  from  the  same 
nature  of  ordnance,  the  mean  dispersion,  at  1  yard  from  the 
gun,  was  found  to  be  .94  inch.  An  iron  plate  in  front  of 
the  ball  causes,  therefore,  the  dispersion  to  be  greater  than  it 
would  be  without  such  plate.  A  wooden  bottom  causes  a  dimi- 
nution of  the  dispersion :  but  such  bottoms  are  very  liable  to  be 
broken  to  pieces  in  the  gun,  by  which  the  dispersion  of  the  balls 
is  rendered  irregular.  The  dispersion  of  grape-shot  is  found  to 
increase  when  the  number  of  ball  is  increased. 

On  the  whole,  however,   grape-shot   confined  between   iron 
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plates  appears  to  oflfer  no  advantages  over  that  which  is  in 
canvas,  and  at  sea  the  hoops  would  soon  be  corroded  by  rust. 

In  1837  a  number  of  experiments  were  made  at  Gavre, 
with  diflferent  natures  of  ordnance,  on  the  penetration  into 
oak  of  balls  constituting  grape  or  case-shot,  the  guns  being  at 
54 J  yards  from  the  butt ;  and  the  following  is  a  table  of  the 
results : — 


Nature  of  Ordnance. 

Nature  of  Shot. 

Cbaiige. 

Initial 
Velo- 
city. 

Velocity 

at  the 

instant 

of 

Impact. 

Mean 
Penetra- 
tion. 

Canon-obusier    of 

30       i 

Canon-obusier  of  80 
Long  30-pr.  (Fr.) . . 
Canon-obusier  of  80 
Long  30-pr. (Fr.).. 

15  balls,  2 . 1  inch  diam. 
120  baUs,  1.05    ditto     .. 

48baUs,  1.85    ditto     .. 

15  balls.  2.1      ditto     .. 

10  balls  (4  Uv.),  3199  do. 
120  balls,  1.05    ditto     .. 

IbQ.      OS. 
4    6.4 
4    6.4 
8  13. 
8    1.5 
8  13. 
8    1.5 

Feet. 
764 
758 
924 
886 
924 
945 

Feet 
715 
666 
854 
830 
882 
830 

Inches. 
7.56 
3.35 
8.5 
9.61 

14.8 
4.76 

171.  When  a  cluster  of  grape  and  one  round-shot  are  fired 
at  the  same  time  from  one  piece  of  ordnance,  it  is  found  that 
if  the  grape  is  placed  in  contact  with  the  charge,  the  ball  being 
beyond  it,  the  plate  of  the  grape  is  oftened  fractured,  and  when 
not  broken  in  pieces,  it  takes  a  figure  decidedly  curved  with 
the  convexity  towards  the  round  shot ;  the  balls  of  grape 
are  frequently  broken  by  their  mutual  percussions,  and  the 
stem  is  either  broken -or  forced  out  of  its  place.  The  like 
effects  are  produced,  but  in  a  much  less  degree,  when  the  shot 
is  placed  in  contact  with  the  charge,  the  grape  being  beyond. 
It  was  ascertained,  from  experiments  made  at  Gavre  in  1838, 
tliat,  wlien  the  grape  was  in  contact  with  the  charge,  the  dis- 
persion of  the  balls  was  twice  as  great  as  when  the  round-shot 
was  in  such  contact.  It  follows  that  the  dispersion  of  grape- 
shot  is  diminished  by  augmenting  the  thickness  of  the  plate ; 
and  it  is  found  that  with  the  same  piece  of  ordnance  the  dis- 
j^ersion  of  grape-shot  is  nearly  proportional  to  the  number  of 
balls  which  compose  the  cluster.  Also,  the  dispersion  is  smaller 
ill  proportion  as  the  piece  of  ordnance  is  .longer. 

172.  The  effect  produced  by  shot  when  fired  against  iron 
steamers  was  remarkably  exemplified  on  the  "Lizard"  during 
the  operations  which  took  place  in  the  Parana  in  184G,  when 
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it  was  found  that,  on  being  struck,  the  plates  of  the  ship  bulged^ 
and  the  perforations  were  so  irregular  and  jagged  that,  for 
the  purpose  of  stopping  them,  the  common  plugs  were  quite 
useless.  This  circumstance  suggested  the  expedient  of  em- 
ploying what  has  been  called  a  parasol  pluffy  which  consists  of 
an  iron  bolt  furnished  with  arms  of  the  same  metal  and  covered 
with  thick  canvass  well  tarred.  On  being  thrust  through  the 
shot-hole,  and  then  forcibly  drawn  back,  the  head  expanded, 
and  thus,  the  aperture  being  covered,  the  leak  was  closed.  In 
consequence  also  of  the  ship  being  struck,  the  splinters  and 
rivets  aetacned  by  the  shot  flew  about  like  grape,  and  nearly 
all  the  men  killed  and  wounded  suffered  from  this  cause. 
Grape-shot  fired  at  a  distance  of  200  yards  pierced  the  side ; 
and  persons  present,  who  were  highly  capable  of  judging, 
concurred  in  opinion  that  a  32-pounder  shot  would  have  gone 
through  the  sides  of  three  or  four  iron  steamers,  doing  damage 
which  would  be  successively  greater  in  those  more  remote 
from  the  ship  first  struck,  tiU  the  force  were  spent.  A  remark- 
able circumstance  is  said  to  have  happened  to  the  "Alecto" 
at  the  same  time.  An  infantry  soldier  fired  his  ramrod  at 
her,  when,  like  a  dart,  it  went  point  foremost  quite  through 
the  nearest  side  of  the  funnel,  but  being  prevented  by  the 
button  from  passing  through  the  other  side,  it  fell  down  in  the 
interior. 

173.  In  the  years  1849-51  some  experiments,  of  which 
notice  is  given  below,  were  carried  on  at  Portsmouth  under  the 
direction  of  Captain,  now  Kear-Admiral,  Chads,  C.  B.,  in  order 
to  try  the  effects  of  shot  in  and  upon  iron  ships ;  and  a  distinct 
knowledge  of  all  the  facts  established  by  these  trials  is  a  matter 
of  such  immense  importance,  that  the  author  thinks  it  necessary 
to  present  to  the  reader  a  summary  of  all  the  experiments  that 
have  been  made,  to  ascertain  exactly  the  effects  of  shot  of  various 
descriptions  on  plates  or  ribs  of  iron. 

The  first  experiment,  made  on  the  6th  of  November,  1849, 
was  for  the  purpose  of  testing  thej-esistance  of  iron  plates  against 
musketry,  canister,  and  grape  shot.  Oak  planking  was  also 
fired  at,  to  make  a  comparison  between  the  two  materials.  A 
marine's  percussion  musket  was  used :  charge,  4^  drs. ;  distance, 
40  yards.    The  results  were  as  follow : — 
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oS^lSi-lnch    l^lP-^d^^'-S^- 
cStjJSlincl.    }*  in  6  p««d  through. 
oSkfhSI-ch   }  Both  musket  p««f. 
Canister,  100  yards :  6  lbs.  charge. 

oS^ft'l-inch    }  P««d «-««»•. 

g^ftSlmch    }Can5^P««f- 

Grape,  200  yards :  6  lbs.  charge. 
Iron  plates,  }  i 

„        I  I  All  passed  throogh. 

Oak  pUink.  tmch   |  aU  passed  through. 

yy        6-inch       Generally  passed  ihroogh.  - 

Experiments  were  made  in  June,  1850,  against  two  sections 
of  the  '"Simoom,"*  friiich  thick,  placed  35  feet  apart:  the  guns 
and  charges  were  those  nsed  in  all  steam-yessels. 

The  result  was^  that  two  or  three  shot,  or  sometimes  even  a 
single  one  striking  near  the  water-line  ci  an  iron  yessel,  must 
endanger  the  ship. 

Another  most  serious  evil  is,  that  the  shot  fareaks^  on  striking, 
into  innumerable  pieces,  which  pass  into  the  ship  with  suoh  force 
as  to  range  afterwards  to  a  distance  of  400  or  500  yards ;  hence 
the  effect  on  men  at  their  quarters  would  be  more  destmctiTe 
than  canister  shot,  supposing  them  to  pass  through  a  Aip^B  side, 
as  when  the  plates  are  only  |-indi  thick. 

Bear- Admiral  Chads  stated,  in  a  letter  to  the  author,  that  out 
of  seventeen  82-poander  shot  which  struck  the  iron  butts 
at  the  distaoce  of  450  yards,  with  charges  varying  from  2^ 
to  10  Ibs.^  sixteen  were  shivered  to  pieces  on  passing  through 
the  first  side,  and  became  a  cloud  of  langrage  too  numerous  to 
be  counted. 

Experiments  were  further  made  on  the  11th  of  July,  1850, 
against  an  iron  section  similar  to  the  ^6imoom  ;^  it  was  filled  in 
and  made  solid,  with  5^inch  oak  timber  between  the  iron  ribs, 
and  44-inch  oak  planking  above  the  waterways,  which  were 


"  This  ship  is  clinker-built ;  and  its  sides  are  thicker  than  those  of  any 
other  iron  vessel  in  the  navy. 
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1  foot  thick,  and  with  3-inch  fir  above  the  port  sills :  these  were 
strongly  secured  to  the  iron  plates  by  bolts. 

The  results  were  as  follow : — 

The  holes  made  by  the  shot  were  not  so  irregular  as  on  the 
former  occasion,  but  as  clear  and  open.  AH  parts  of  the  shot 
passed  right  through  the  iron  and  timber,  and  then  split  and 
spread  abroad  with  considerabla  velocity;  parts  of  the  iron 
plates,  and  a  few  very  small  pieces  of  shot,  were  sometimes 
retained  in  the  timber. 

With  low  charges  the  shot  did  not  split  into  so  many  pieces 
as  before. 

With  high  charges  the  splinters  from  the  shot  were  as  nume- 
rous and  as  severe  as  before,  with  the  addition,  in  this  and  the 
former  case,  of  the  evil  to  which  other  vessels  are  subject — that 
of  the  splinters  torn  from  the  timbers. 

On  the  13th  of  August,  1850,  an  iron  section  similar  to  the 
"Simoom"  was  prepared  with  a  covering  of  fir  plank  on 
the  outside,  of  the  thickness  of  2,  3,  and  4  inches  in  different 
parts. 

The  result  of  this  experiment  was  similar  to  the  last,  when 
the  wood  was  on  the  inside,  with  the  exception  of  the  splinters 
from  the  wood. 

The  holes  made  by  the  shot  were  regular,  of  the  full  size  of 
the  shot,  and  open. 

Every  shot  split  on  passing  through ;  those  between  the  ribs 
into  a  few  pieces  only ;  those  that  struck  on  the  ribs  into  a  great 
number ;  in  both  cases,  when  combined  with  the  splinters  of  the 
iron  side,  the  effect  must  prove  highly  destructive. 

A  comparison  as  to  the  effect  of  shot  on  iron  and  timber  was 
made  by  firing  8-inch  hollow  shot,  and  32-lb.  solid  shot,  at  a  butt 
built  for  experimental  shell-firing,  with  timber  having  6-inch 
plank  on  the  outside,  and  4-inch  within ;  the  result  was,  that  the 
splinters  from  the  wood  were  trifling  when  compared  with  those 
from  the  iron. 

Again,  experiments  were  made  on  the  10th  October,  1850, 
against  an  iron  section  similar  to  the  "Simoom,"  lined  on 
the  inside  with  a  composition  called  by  Mr.  Walters,  the 
inventor, "  kamptulicon ; "  the  result  was  the  same  as  the  former 
trials  when  lined  with  wood.     It  neither  prevented  the  shot 
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from  breaking  into  niimerous  small  pieces,  nor  did  the  hole 
close  up,  as  was  aoticipatod,  after  the  ^ot  had  passed  throagh. 

174.  Esperimonts  were  made,  July  5tli,  1851,  at  a  butt  coq- 
structed  with  oak  and  fir  uprights,  to  represent  the  timbers  of  a 
ship ;  one  half  covered  with  |,  and  the  other  half  with  |  sheet-iron. 

The  first  practice  was  witli  the  iron  outside  (fig.  3) :  32.1b. 
solid  shot,  and  8-inch  hollow  shot,  with  distant  charges,  passed 
through  the  f  iron  without  splitting. 


In  firing  against  tlie  J  iron  plates,  two  of  the  shot,  on 
striking  a  double  part  where  there  was  a  joint,  split  into  four  or 
five  pieces,  but  not  in  so  destructive  a  manner  as  on  the  former 
occasion  agaiust  tlie  ^  plates. 

Some  shot  that  passed  through  this  part  were  picked  up  and 
found  to  be  starred  or  cracked,  showing  that  |  is  the  extreme 
thickness  of  iron  which  should  be  employed  iu  constructing 
iron  vessels,  in  order  to  prevent  the  breaking  of  the  sliot. 

The  shot  on  passing  through  the  |  iron  plate  made  clear, 
clean  holes,  of  their  own  diameters,  without  rending  the  iron 
further,  but  the  disc  struck  out  was  invariably  broken  into 
numerous  pieces.  Fig.  4  represents  the  rcveree  of  the  target, 
and  exhibits  the  effects  on  the  timbers. 

The  butt  was  subsequently  turned,  so  as  to  represent  the  off-side 
(fig.  4,  opposite),  where  the  shot  would  strike  the  limbers  before 
passing  tlirough  the  iron  ;  reduced  charges  were  used  to  diminish 
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the  velocity  of  the  shot  to  what  it  would  be  after  having  passed 
through  the  &oQt  side. 


A  32-pounder  shot  passed  through  an  oak  timber,  carrying 
away  the  iron  at  the  back  in  a  fearful  manner,  laying  open  a 
space  of  19  inches  by  12,  and  curling  tho  iron  up  so  as  to 
preclude  the  possibility  of  stopping  it  if  under  water. 

An  8-inch  siiot  also  stnick  a  fir  timber,  with  almost  a  Himilar 
result ;  tlie  hole  was  2  feet  C  inches  by  10  inches. 

On  the  11th  and  12th  of  August,  ISol,  experiments  were 
made,  the  particular  objects  of  which  were  to  endeavour  to 
diminish  or  obviate  the  destructive  effects  produced  as  above  on 
iron  plates  by  the  impacts  of  shot,  and  to  prevent  the  shot  from 
splitting  into  pieces.  For  these  purposes  a  butt  was  constructed 
to  represent  a  section  of  tho  "  Simoom,"  formed  of  iron  ribs  of 
|-inch  iron,  4^  inches  mde,  and  llj  inches  apart,  instead  of  iron 
plates:  these  were  covered  with  5-inch  teak  planking  on 
the  outside  and  2-inch  on  the  inside  (fig.  5,  overleaf).  The 
breadth  of  the  5-inch  planking  was  lOJ  inches,  and  of  the 
2-inch,  fl|  inches. 

This  hutt,  10  feet  long  by  8  in  depth,  was  fixed  between  piles 
firmly  driven  at  the  distance  of  450  yards  from  the  guns,  and 
with  the  outside  face  towards  them. 

No.  1.  Solid  shot,  32-pounder,  56  cwt.  gun,  10  pounds  charge, 
— Hit  direct  about  3  feet  from  the  centre  of  tho  butt,  making  an 
open  hole  (1,  fig.  5,  overleaf)  the  size  of  the  sliot  with  a  jagged 
edge  through  the  5-inch  teak  ;  it  then  cut  directly  through  an 
iron  rib,  carrying  away  7  inches  of  it ;  the  shot  then,  with  the 
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pieces  of  the  rib,  pftsyed  through  the  S-invh  teak  close  to  the 
edge  of  a  plBnk,  carrying  away  iiu  t-xtfiit  uf  3  feet  in  length 
liy  1  h  iu  height. 


^  ^  _  i^  tJ 


A  large  number  of  splinters  both  of  wood  and  iron  were 
found ;  the  iron  ones  ranging  fi-om  200  to  400  yards :  tho  shot 
passed  on  to  1300  or  1400  yards. 

No.  2.  Solid  shot,  32-pounder,  56  cwt.  gun,  10  pounds  charge. 
— Hit  direct  9  inches  from  the  bottom  (fig,  o),  and  about  tlie 
middle  part  of  the  butt,  making  an  open  hole  tho  siny  of  the  shot 
with  a  jagged  edge  through  the  5-incb  teak ;  it  then  cut  through 
the  back  of  an  iron  rib,  carrying  away  10  iuches  of  the  lower 
part  of  it;  the  shot  then,  with  the  pieces  of  tho  rib,  passed 
through  the  2-inch  teak  in  the  centre  of  a  plauk,  carrying  away 
an  extent  of  3  feet  in  lengtJi  by  1  in  height,  which  [irobably 
would  have  beon  greater  hut  that  the  shot  struck  so  near  the 
bottom  of  the  butt  and  centre  of  a  plank. 

A  largo  number  of  splinters  both  of  wood  and  iron  were  pro- 
duced ;  tho  iron  ones  ranging  from  200  to  400  yards  :  the  shot 
passed  on  to  1500  or  IfiOO  yards, 
,  No.  3.  Hollow  sbot^  56  lbs.,  S-iuoh,  G5  cwt.  gun,  10  {Kiunda 
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charge. — Hit  from  ricochet  25  yards  short,  about  2  feet  from  the 
side  and  3  from  the  top  of  the  butt,  making  an  open  hole  tlie 
size  of  the  shot  with  a  jagged  edge  through  the  5-inch  teak ;  it 
then  cut  directly  through  an  iron  rib,  carrying  away  26  inches 
of  it ;  the  shot  then  with  the  pieces  of  the  rib  passed  through 
the  2-inch  teak  at  the  edge  of  a  plank,  carrying  away  an  extent 
of  3  feet  in  length  by  about  2  feet  in  height. 

A  large  number  of  splinters  both  of  wood  and  iron ;  the  iron 
ones  ranging  from  200  to  400  yards ;  the  shot  passed  on  to  1300 
or  1400  yards. 

No.  4.  Hollow  shot,  56  lbs.,  8-inch  65  cwt.  gim,  10  pounds 
charge. — Hit  direct,  about  3  feet  from  the  centre  of  the  butt, 
making  an  open  hole  the  size  of  the  shot  with  a  jagged  edge 
through  the  5-inch  teak ;  it  then  cut  directly  through  an  iron 
rib,  carrying  away  8  inches  of  it;  the  shot  then  with  the 
pieces  of  the  rib  passed  through  the  2-inch  teak,  in  the  centre 
of  a  plank,  carrying  away  an  extent  of  3  feet  in  length  by  1  in 
height. 

A  large  number  of  splinters  both  of  wood  and  iron  ;  the  iron 
ones  ranging  from  200  to  400  yards ;  the  shot  passed  on  to  1400 
or  1500  yards. 

175.  A  butt  of  the  same  description  reversed  was  then  used, 
to  try  the  effect  of  shot  passing  off  the  opposite  side  of  a  ship 
fitted  in  this  manner. 

For  this  purpose  5  lbs.  charges  were  used  with  the  8-inch,  and 
4  lbs.  with  the  32-pounder  gun,  to  allow  for  tlie  decreased 
velocity  of  the  shot  after  having  passed  through  the  first  side 
with  a  10-pounds  charge. 

With  solid  shot,  32-pounder,  56  c>vt.,  4  pounds  charge. — Hit 
direct  2  feet  from  the  bottom  and  about  the  middle  part  of  the 
butt,  making  an  open  hole  the  size  of  the  shot  with  a  jagged 
edge  through  the  2-inch  teak ;  it  then  cut  directly  through  an 
iron  rib,  carrying  away  about  7  inches  of  it ;  the  shot  then  with 
the  pieces  of  the  rib  passed  through  the  5-inch  teak  near  the 
edge  of  a  plank,  making  an  open  hole  12  inches  in  length  by  6 
in  height,  but  the  wood  much  splintered  to  3  feet  in  length  by 
14  inclies  in  height. 

Thus,  it  appears  that  the  destructive  effects  of  the  impacts 
of  shot  on  iron  ships  cannot  be  prevented.  If  the  iron  sides  are  of 
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the  thickness  required  to  give  adequate  strength  to  the  ship  (|,  or 
at  least  f  of  an  inch),  the  shot  will  be  broken  by  the  impact ;  if 
the  iron  plates  be  thin  enough  to  let  the  shot  pass  into  the  ship 
without  breaking,  the  vessel  will  be  deficient  in  strength ;  the 
shot  will  do  its  work,  particularly  in  oblique  or  raking  fire,  more 
effectively  than  its  splinters,  and  in  passing  out,  make  apertures 
more  difficult  to  plug  or  stop  than  in  passing  in.  When  a  clean 
hole  is  made  by  a  shot  penetrating  an  iron  plate,  the  whole 
of  the  disc  struck  out  by  the  shot  is  broken  into  numerous 
small  pieces,  which  aife  driven  into  the  ship  with  very  destructive 
effects ;  and  if  the  plate  be  so  thick  (viz.  upwards  of  |  of  an 
inch)  as  to  cause  the  shot  to  break  on  striking,  the  fragments 
wdll  nevertheless  pass  into  the  ship  as  in  the  case  of  a  concussion 
or  percussion  horizontal  shell  (Arts.  265,  Note  *,  and  269),  and 
so  produce  a  terrific  compound  effect  by  the  fragments  of  both. 
The  expedient  of  combining  wood  and  iron,  either  by  substitut- 
ing timber  for  the  iron  ribs,  or  the  reverse — outside  planking 
for  the  iron  plates — makes  the  matter  worse.  The  pieces  of 
ribs  struck  off,  sometimes  of  great  length,  pass  on  with  the 
shot,  to  produce  more  extensive  ravages  elsewhere.* 


Descriptions  of  some  of  the  splinters  of  Iron  Plates,  Kivets,  and  Shot,  picked 
up  iu  the  space  between  the  Targets  set  up  to  represent  a  section  of  an  iron 
vessel.  The  splinters  were  taken  promiscuously  &om  innumerable  fragments 
found  there  when  the  firing  ceased. 


Description. 


Splinter  of  a  plate,  extremely  jagged  and  pointed 
Splinter  of  a  plate  near  a  rivet,  bent,  jagged,  and 

pointed. 

Splinter  of  a  plate  near  a  rivet 

Piece  of  a  rivet,  a  good  deal  flattened,  bent,  and 

j'^^'gcd. 

Splinter  of  a  shot  much  jagged 

Splinter  of  a  plate  extremely  jagged  and  pointed 
Splinter  of  a  plate,  with  part  of  a  rivet  attached, 

of  very  irregular  shape,  pointed  and  jagged  tn 

all  parts. 
SplinUr  of  a  shot,  very  jagged,  and  two  of  the 

edj^es  sharp. 
The   lurgi  r  specimens  varied  from  3.J,  4J,  and 

(j  ounces,  to  nearly  as  many  pounds ;    all  of 

til  Lin  WLTO  extremely  jagged,  pointed,  and,  in 

souiu  cases,  sharp  at  the  edges. 


Greatest 

Least 

Dimension. 

Dimension. 

Inches. 

Inches. 

n 

1      ■ 

2 

i 

n 

i 

n 

8 

n 

1 

2 

i 

2J 

Too  irre- 

gular to  be 

defined. 

n 

Ditto. 

Weight. 

Ounc*». 
1 
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2| 

3i 
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176.  It  is  generally  believed  tHat  iron  vessels,  however  con- 
venient and  advantageous  in  other  respects,  are  utterly  unfit  for 
purposes  of  war.  This  opinion  has  been  confirmed  by  the 
decision  of  a  mixed  committee  of  oflScers  of  the  naval  artillery 
and  engineers.  This  committee  wad  appointed  under  the  autho- 
rity of  the  Admiralty  and  Board  of  Ordnance,  in  order  to 
consider  how  far  it  might  be  possible  to  carry  into  efiect  a  plan 
for  arming  the  Contract  Mail  Packet  Steamers,  and  to  report 
whether  or  not  the  terms  of  their  contract  have  been  observed 
by  the  several  companies  as  regards  the  adaptation  of  their 
vessels  for  war-purposes.  From  this  category  the  committee 
entirely  and  imanimously  reject  iron  vessels.  Exclusive  of  these 
they  found  that  of  the  fifty-three  vessels  belonging  to  the 
Peninsular  and  Oriental  and  the  West  India  Mail  Companies, 
eight  only  (of  wood)  were  capable  of  being  eflectually  fitted  to 
receive  an  armament  especially  directed  to  the  object  of 
defence ;  though  some  of  the  others  might  be  fitted  to  serve  as 
armed  packets  or  armed  troop-ships.  In  almost  every  case 
it  was  considered  impracticable  to  have  a  pivot-gun  either  forwai-d 
or  abaft,  on  accoimt  of  the  sharp  form  of  the  bow  and  the  great 
rake  of  the  stem.  To  put  a  vessel  in  a  condition  to  carry  and 
fire  the  guns  assigned  to  it,  it  was  estimated  that  the  expense  of 
alterations,  and  the  fittings  of  ports  with  a  magazine  and  shell- 
room,  would  vary  from  600^.  to  800?. 

177.  It  becomes  now  a  question  of  serious  import  to  decide 
whether  iron  steamers  which  have  been  condemned  as  ships  of 
war,  on  account  of  the  extensive  ravages  produced  by  the  impacts 
and  penetrations  of  shot  upon  and  in  vessels  formed  of  that 
material,  are  fit  to  be  employed  as  transports  for  the  conveyance 
of  troops  and  stores  in  the  event  of  war. 

In  vessels  made  of  iron  the  weight  of  the  whole  material  is 
considerably  less  than  that  of  vessels  of  the  same  dimensions  but 
made  of  timber.  With  equal  displacement  (the  weight  of  water 
displaced)  therefore,  the  former  can  carry  a  greater  weight  of 
cargo,  their  capacity  for  stowage  being  greater  on  account  of  the 
thinness  of  their  shell.  But  when  an  iron  vessel  is  bilged  and 
becomes  filled  with  water,  the  superior  weight  of  the  material  of 
which  she  is  formed  is  a  momentous  consideration.  Timber, 
when  immersed  in  water,  loses  as  much  of  its  weight  as  is  equal 
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to  that  of  the  water  displaced  by  it,  and  it  floats.  A  cubic  foot 
of  oak  timber  has  a  buoyancy,  when  immersed  in  salt  water,  of 
76  oz.,  and  a  cubic  foot  of  fir,  a  buoyancy  of  450  oz. ;  but  the 
excess  of  the  weight  of  a  cubic  foot  of  iron  over  an  equal  volume 
of  salt  water,  is  6180  oz.,  ^nd,  with  this  force,  the  iron  sinks. 
When,  therefore,  an  iron  ship  is  bilged,  having  lost  its  power  of 
floating,  the  weight  of  the  iron  tends  to  break  and  destroy  it, 
unless  it  be  stranded  on  a  smooth  and  shelving  bank  or  beach. 
This  was  the  case  with  the  "Great  Britain,"  which  rested, 
throughout  her  length,  upon  the  beach  on  which  she  grounded  ; 
but  when  an  iron  vessel  strikes  upon,  and  is  perforated  by  a 
rock,  (as  in  the  case  of  the  "Birkenhead,"  which  was  wi-ecked 
near  the  Cape  of  Good  Hope),  she  becomes  bilged,  and  there 
she  remains  with  deep  water  at  her  extremities;  she  then  be- 
comes filled,  either  wholly  or  partially,  and  the  iron,  deprived 
of  buoyancy,  exerts  a  prodigious  force  to  break  the  vessel's  back 
and  sink  the  portions  which  are  not  in  contact  with  the  rock. 
Even  if  the  portion  which  is  not  in  such  contact  should  be 
furnished  with  compartments  which  niay  not  permit  the  water 
to  enter,  the  difference  between  &e  power  of  floatation  in' that 
water-borne  portion,  which  acts  in  a  contrary  direction  to  the 
weight  of  the  iron,  will  constitute  a  strain  which  no  iron  vessel 
can  resist,  tending  to  fracture  it  at  the  section  which  divides  the 
filled  from  the  unfilled  portion.  Should  there  be  no  water-tight 
compartments,  or  should  these  not  effectually  act,  then  an  iron 
vessel,  perforated  near  the  midship's  section,  with  deep  water 
under  her  extremities,  will  infallibly  be  destroyed  by  the  weight 
of  the  iron  at  both  ends,  acting  upon  the  fulcrum  on  which  the 
vessel  rests. 

VV  liat  has  been  said  is  applicable  to  the  most  melancholy  case 
of  the  '^  Royal  Charter,"  an  iron  screw  steamer  from  Melbourne, 
which  was  wrecked  on  our  own  coast,  near  Liverpool,  during  the 
tearful  storm  in  October,  1859,  when  the  vessel  broke  trans- 
versely in  two  places,  and  above  400  persons  perished. 

When  an  iron  vessel  parts,  all  the  fragments  of  the  material 
of  wliieh  she  is  composed  sink,  and  nothing  floats  to  save  life  but 
a  few  loose  spars :  whereas  the  fragments  of  a  timber  ship  float, 
and  many,  perhaj^s  most  of  the  crew,  may  thus  be  saved.  In 
the  f«'arfiil  wreck  of  a  transport,  in  which  the  author  oneo  was. 
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the  whole  of  the  quarter-deck,  fix)m  the  mainmast  to  the  stem, 
with  the  top-sides  to  which  it  was  attached,  came  on  shore  like  a 
raft,  when  the  vessel  broke  up.  What  had  been  our  fate  if  that 
transport  had  been  formed  of  iron  ? 

Applying  these  observations  to  the  case  of  the  "  Birkenliead," 
and  on  a  full  consideration  of  the  facts  as  taken  from  the  report 
of  the  proceedings  of  the  court  martial  on  the  surviving  officers 
and  crew  of  that  ship,  there  cannot  be  the  least  doubt  that,  had 
she  been  a  wooden  vessel,  she  woidd  have  held  together  long 
enough  in  a  sea  so  smooth  as  to  permit  all  her  hands  to  be  saved. 
To  this  conclusion  it  may  be  objected,  by  persons  who  have  not 
duly  considered  the  diiference  of  circumstances,  that  the 
"  Avenger,"  though  constructed  of  timber,  went  to  pieces  even 
more  quickly  than  the  "  Birkenhead,"  when,  going  at  full  speed, 
she  struck  upon  a  reef  of  rocks ;  and,  with  the  exception  of  a 
small  boat's  crew,  all  hands  perished  ;  but,  on  that  occasion,  the 
sea  broke  over  the  reef  with  such  violence  as  to  render  it 
impossible  that  any  vessel  could  resist  it,  or  that  any  of  the 
crew  could  be  saved  by  clinging  to  the  fragments  into  which  it 
was  broken. 

178.  Having  several  of  these  vessels  on  hand,  the  Admiralty 
have  acted  wisely  in  employing  them  as  troop-ships  at  present. 
Some  have  accordingly  been  appointed  to,  and  fitted  for,  that 
important  service.  The  armaments  have  been  removed  from  the 
main-deqks,  and  a  few  light  guns  jjlaced  on  the  upper-decks, 
where  timber  is  substituted  for  iron  in  the  formation  of  their 
bulwarks;  this  removes  some  of  the  objections  to  iron  sides, 
inasmuch  as  the  men  fighting  the  guns  on  those  decks  would 
not  be  liable  to  suffer  more  from  an  enemy's  shot  than  in  a 
wooden  ship. 

There  can  be  no  doubt  of  the  advantages  and  expediency  of 
employing  those  vessels  as  troop-ships  in  time  of  peace.  Their 
safety  from  conflagration;  their  speed  with  steam  power;  the 
advantages  of  the  screw,  which  admits  of  such  vessels  having 
great  sailing  power,  and,  on  the  whole,  their  great  capacities 
and  capabilities  of  voyaging,  which  have  been  so  well  exemplified 
in  their  performances,  prove  that  the  best  possible  use  is  being 
made  of  those  vessels  by  so  employing  them  during  peace. 
But,  in  war,  it  is  not  enough  that  tlie  people  on  the  upper  decks 
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will  not  be  exposed  to  the  destructive  effects  produced  by  shot 
on  iron,  by  the  substitution  of  timber  for  that  material,  in  the 
upper  works ;  for  the  main-decks  appropriated  to  the  troops 
will  still  be  liable  to  the  terrific  effects  described  and  delineated 
as  above  :  and  although,  by  the  happy  expedient  of  water-tight 
compartments,  the  vessel,  however  desperately  damaged,  may  be 
prevented  from  sinking  and  the  troops  from  being  drowned,  the 
latter  cannot  be  protected  from  being  killed  and  wounded  in 
great  numbers,  or  captured,  in  the  event  of  falling  in  with,  and 
being  attacked  by,  any  enemy's  vessel  armed  with  even  a  very 
few  heavy  guns. 

How  far  iron  ships  are  fit  and  safe  as  packets,  in  times  of  war, 
is  another  question,  which  will  have  to  be  well  considered.  The 
Government  packets  are,  by  their  contracts,  to  be  so  built  and 
fitted,  that  they  may,  in  the  event  of  hostilities,  be  converted 
into  vessels  of  war :  if  so,  it  is  clearly  demonstrated  by  the  facts 
established  in  these  most  important  proofs,  that  vessels  subject 
to  these  stipulations  must  not  be  made  of  iron :  for  of  this  we 
are  sure,  that  iron  vessels  are,  and  will  be  found,  unfit  for  all 
purposes  of  war.  Whilst,  therefore,  the  best  and  the  most 
is  being  made  of  our  existing  iron  ships,  employed  as  they  now 
are,  we  should  be  prepared  with  other  means  to  carry  on  that 
most  important  service  in  war.  We  have  noble  ships,  which 
have  whole  decks  available  for  the  reception  of  troops,  great 
space  for  the  stowage  of  stores — vast  steam-ships,  possessing  full 
steam,  full  sailing,  and  full  gunnery  powers,  admirably  adapted 
to  these  services,  highly  capable  of  executing  them  quickly, 
safely,  and  easily ;  prepared  for  any  contingency,  whether  to 
fight  or  run,  and  therefore  best  suited  to  carry  out  that  grand 
maxim — that  promptitude,  celerity,  strength,  and  certainty  in 
the  modes  and  means  of  communication,  either  to  succour 
and  support  our  remote  possessions,  or  to  defend  the  centre 
of  the  empire,  is,  in  fact,  a  practical  multiplication  of  the  forces 
of  the  state. 

179.  IX. — On  CylindrO'Conoidal  and  Uxcentricspherical  Pro- 
jectiles,— Sir  Isaac  Newton  has  given  in  the  *  Principia '  (lib.  ii., 
schol.  to  prop.  34)  an  indication  of  the  form  of  a  solid  body 
which,  in  passing  through  a  fluid,  would  experience  less  resist- 
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ance  than  a  body  of  equal  magnitude  and  of  any  other  form. 
He  imagined  that  this  might  be  of  use  in  ship-buildiug,  and 
it  is  evident  that  the  principle  is  equally  applicable  in  the 
theory  of  projectiles.  Investigations  of  the  differential  equa- 
tions of  the  curve  may  be  seen  in  Vince's  *  Fluxions,'  in  Airy's 
'Tracts'  (p.  237),  and  in  the  writings  of  other  mathemati- 
cians. The  body  is  a  solid  of  revolution,  and  the  differential 
equation  is — 


y  =  C 


dz' 


dx^dx 


Fig.  6. 


H 


in  which  C  is  a  constant. 

The  form  of  a  section  through  the  axis  of  the  solid  is  given  in 
the  annexed  diagram.     A  B  is  the  axis,  and  in  the  direction  of 
that  line  the  solid  is  to  move ;  y 
is  auy  ordinate,  as  D  C  ;  and  dx, 
dy,  (fe,  are  elementary  portions, 
E  F,  E  D,   D  F   respectively. 
The  end  B,  as  well  as  A,  of  the 
solid  is  a  plane  surface ;  for  the 
numerator  of  the  fraction  in  the 
above  equation  will,  evidently,  be 
always  greater  than  the  denomi- 
nator, and  therefore  y,  the  ordinato  to  tlie  curve,  can  never  be 
zero. 

180.  It  is  plain,  however,  that  the  minimum  of  resistance 
would  not  be  obtained  with  a  shot  of  an  elongated  form,  when 
discharged  from  a  musket  or  piece  of  ordnance,  unless  the  axis 
A  B  can  be  kept  in  the  direction  of  the  trajectory.  This  may 
be  accomplished  if  the  shot  be  caused  to  have  a  rotatory  motion 
on  that  axis  by  being  discharged  from  a  rifled  bore ;  and  without 
such  rotation,  not  only  will  the  axis  perpetually  deviate  from  the 
direction  of  the  path,  but  the  projectile  will  even  turn  over. 

181.  The  advantages  of  this  form  of  shot  are,  that  when 
rotating  on  their  longitudinal  axes,  and  moving  with  their 
smaller  extremities  in  front,  they  experience  less  resistance  from 
the  air  than  spherical  projectiles  of  the  same  diameter.  To  this 
form  alone  are  to  be  referred  the  long  range  with  the  great 
momentum  and  penetrating  power  of  the  projectiles  for  rifle- 
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muskets  (see  Part  VI.),  which  have  recently  been  introduced  in 
the  British  and  foreign  military  services. 

182.  Hollow  cylindro-spherical  projectiles,  filled  with  powder 
and  furnished  with  percussion  caps  at  their  points,  were  proposed 
some  years  ago  for  rifled  muskets,  by  Captain  Norton,  for  the 
purpose  of  penetrating  into  and  exploding  the  ammunition 
packed  in  tumbrils  and  limber-boxes,  and  the  experiments  made 
with  them  met  with  some  success ;  but,  on  account  of  the  great 
difficulty  of  insuring  the  ignition  of  the  charge  on  the  sliot. 
striking,  these  missiles  were  found  so  uncertain  that  they  have 
not  been  adopted. 

183.  The  desire  of  obtaining  the  advantages  which  are  stated 
in  Art.  103  to  be  possessed  by  oblong  shot,  in  combination  with 
those  alluded  to  in  Art.  181,  probably  led  to  the  formation,  for 
heavy  ordnance,  of  shot  uniting  the  cylindrical  with  the  conical 
or  conoidal  figures.  Cylindro- conical  and  cylindro-ogivale 
(cylindro-conoidal)  shot  and  shells,  fired  from  rifled  cannon, 
have  recently  attracted  so  much  of  the  attention  of  professional 
and  other  persons,  that  perhaps  some,  account  of  these  pro- 
jectiles may  be  looked  for  in  a  treatise  which,  though  dedicated 
more  particularly  to  the  service  of  naval  artillery,  is  intended 
to  explain  generally  the  theory  and  practice  of  military  pro- 
jectiles. 

Iron  rifled  guns  for  the  purpose  of  discharging  such  projectiles 
were,  in  1846,  invented  by  Major  Cavalli,  of  the  Sardinian 
artillery,  and  by  Baron  Wahrendorfi*,  a  Swedish  noble.  These 
are  loaded  at  the  breech,  and  experiments  for  the  purpose  of 
testing  the  merits  of  their  shot  have  been  carried  on  both  at 
Aker  in  Sweden  and  at  Shoebury  Ness  in  this  country. 

Tlie  projectiles  alluded  to  are  rej^resented  in  the  subjacent 
figures  7  and  8 ;  the  first  is  designated  cylindro-conical,  and  the 
other  cylindro-conoidal;  their  entire  lengths  are  about  1()-|  and 
14 2  inches,  respectively,  and  their  greatest  diameter  6 J  inches: 
each  has  two  projections,  a  5,  directly  opposite  to  one  another, 
and  \  inch  deep,  which  enter,  the  grooves  in  the  rifled  bore. 
(Tliese  projections  make  an  angle  of  7°  8'  with  the  axis  of  the 
sliot.)  Each  shot,  if  hollow,  weighs  about  G9  lbs. ;  and  if  solid, 
about  101;^  lbs.  The  hollow  projectiles  of  M.  Cavalli  are  each 
inniislird   with    a   double   percussion    agent ;    one    part   is  the 
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CprdinAry  percussion  cap,  and  the  other  consists  of  four  smaJl 
capsules  of  glass  contaiuing  sulphuric  acid,  placed  about  the 
neck  of  the  shot,  the  intervale  being  filled  with  chlorate  of 
potash,  while  the  upper  part  of  the  neck  is  filled  with  common 
Fig.  7.  Fig.  8. 


gunpowder,  and  stopped  with  wax.'  It  is  said  t^t  the  shock 
produced  by  one  of  these  projectiles,  when  let  fell  on  a  pavement 
from  a  height  of  several  metres,  is  not  sufficient  to  cause 
explosion,  and  that  this  will  not  take  place  when  the  shot  fired 
with  a  small  charge  strikes  earth ;  it  being  only  when  fired  with 
a  service  charge  sufficient  to  break  the  glass  globes  by  the 
shock  that  explosion  takes  place.  M.  Cavalli  admits,  however, 
that  inconvenience  and  uncertainty  exist  in  using  such  means, 
from  the  difficulty  of  combining  the  chemical  ingredients  so  that 
the  shell  may  resist  the  shock  produced  by  the  explosion  of  a 
service  charge  of  powder,  and  yet  be  acted  on  by  the  shock  of 
impact,  which,  iu  general,  is  much  less  thau  that  of  the  ex- 
plosion. This  difficulty  attaches  to  all  such  modes  of  procuring 
the  explosion  of  shells  on  striking  a  resisting  body,  and,  in  point 
of  fact,  has  hitherto  stood  in  the  way  of  the  production  of  a  good 
concnsaion-fiize  or  an  efficient  percussion-shell. 

184.  Dr.  Hutton  recognised,  from  liis  experiments  in  179t), 
that  there  was  a  certain  position  of  a  projectile  in  jvhich  its 
deviations  were  less  than  in  other  iKwitions,  but  no  development 

"  The  projectilca  are  fully  described  in  a  |mni]ihiet  liy  M,  Cftvalli,  entitled 
'  M^moire  aur  les  Canons  ae  cliargeant  par  la  CuLtkso,'  &c.,  Paris,  1847,  p.  28, 
1'lie  gliua  globes  aro  uot  sliown  io  the  alwvt:  li^it-u. 
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of  the  discovery  appears  to  have  taken  place  till  M.  Clement, 
in  1808,  remarked,  not  only  that  the  irregularities  in  the 
lengths  of  the  ranges  depended  on  the  same  cause  as  the  lateral 
deviations,  but  also  that  the  obus  (a  shell  whose  exterior  and 
interior  surfaces  are  not  concentric)  occasionally  afforded  ranges 
longer  and  more  correct  in  proportion  as  the  distance  of  its 
centre  of  gravity  from  the  centre  of  the  figure  was  greater. 
At  length,  between  1835  and  1840,  a  series  of  experiments 
were  carried  on  in  Belgium  with  great  care,  £ind  with  ordnance 
of  diflTerent  calibres,  from  which  it  was  ascertained  that  when 
the  centre  of  gravity  was  above  that  of  the  figure,  the  range 
was  greater  than  wSen  it  was  below,  in  the  ratio  of  2467  to 
1315  ;  and  that  when  the  centre  of  gravity  was  to  the  right  or 
left,  the  deviation  of  the  shot  was  in  like  manner  towards  the 
right  or  left. 

185.  These  results  were  confirmed  by  experiments  which 
M.  Paixhans  carried  on  at  Metz  in  1841.»  This  officer  caused 
to  be  projeotoi  from  a  12-pounder  (Fr.)  field-gun,  a  homo- 
geneous spherical  shot  with  the  usual  8abot  at  an  elevation 
of  4°;  and  afterwaxds,  with  an  equal  charge  and  elevation 
and  a  like  sabot^  a  ball  having  in  it  a  cavity  which  caused 
the  centre  of  gravity  to  be  at  a  certain  distance  from  the 
centre  of  the  figure,  and  diminished  the  weight  of  the  shot 
from  13.24  lbs.  to  11  lbs.  The  following  were  the  effects  ob- 
served : — 

When  the  centre  of  gravity  was  above  the  centre  of  the 
figure  the  ranges  were  the  longest,  and,  when  below,  the 
sliortest;  when  to  the  right  or  left  hand,  the  deviations  were 
also  to  the  right  or  left.  The  mean  range  which,  with  the 
usual  shot,  was  1640  yards,  was,  with  tlie  shot  whose  centres 
of  gravity  and  of  figure  were  not  coincident,  the  centre  of 
gravity  being  upwards,  equal  to  2140  yards,  being  an  increase 
of  500  vards.  The  mean  of  the  lateral  deviations,  which  with 
common  shot  was  -^^^  "of  the  range,  with  the  last  mentioned 
shot  was^nly  y^^.  Similar  results  were  obtained  at  the  same 
time  with  shells  .15  metres  (5.9  inches)  diameter,  both  with 
high   and  low  charges,  the  elevation  being  4°.     M.  Paixhans 


"   See  'Constitution  Militaire  de  la  France,'  note  d,  p.  243.     Taris,  1849. 
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remarks,  however,  as  an  anomaly,  that  the  lengths  of  the  ranges 
were  more  nearly  equal  when  the  ordinary,  than  when  the 
excentric  Idnd  of  shell  was  used. 

In  1842,  M.  Paixhans  made  experiments  with  his  canon- 
obusier  of  80  livres,  from  which  he  found  that,  with  a  charge 
of  13.24  lbs.  of  powder  and  an  elevation  of  10°,  the  usual  shell 
had  a  range  equal  to  2560  yards,  while  the  non-concentric  shell, 
its  centre  of  gravity  being  placed  upwards,  had  a  range  equal 
to  3198  yards :  with  a  charge  of  17.6  lbs,  the  range  of  the  latter 
shell  was  3540  yard«J^ 

186.  M.  Paixhans  infers  from  these  experiments  that  if  this 
method  of  placing  shot,  in  which  the  centres  of  gravity  and  of 
figure  are  not  coincident,  should  be  employed  with  projectiles 
which  are  not  spherical  (as  the  cylindro-conoidtd  shot),  the 
advantages  above  mentioned  will  be  obtained  in  a  much  higher 
degree;  and  he  adds  that  experiments  with  such  shot  would 
cast  light  upon  a  part  of  the  theory  of  projectiles  which  is  at 
present  involved  in  considerable  obscurity.  At  the  same  time 
there  are  artillerists  who  go  so  far  as  to  say  that  the  influ- 
ence of  excentricity  in  the  projectile,  on  the  form  of  the 
trajectory  it  describes,  is  such  as  to  permit  what  has  hitherto 
been  considered  an  imperfection,  and  a  cause  of  error,  to  be 
made  the  means  of  regulating  and  compensating  the  deviation 
to  which  all  shot  are  subject,  and  thus  to  render  the  practice 
with  excentric  shot  more  precise  than  that  of  concentric  sphe- 
rical balls,  whether  solid  or  hollow. 

This  assertion,  if  true,  would  entirely  overthrow  what  has 
ever  been  stated  as  an  essential  condition  of  accuracy  in  the 
flight  of  projectiles,  and  would  impugn  what  has  been  incul- 
cated in  this  work  (Art  89,  with  the  Note,  and  Art.  119),  on 
the  importance  of  making  spherictd  projectiles  as  perfect  in 
form  and  homogeneity  as  possible,  and  of  preserving  them,  with 
the  most  scrupulous  care,  free  from  rust,  perfectly  clean,  and 
well  lacquered. 

No  doubt  the  form  of  the  trajectory  of  an  excentric  spherical 
projectile  will  be  very  much  influenced  by  the  position  which  its 
centre  of  gravity  occupies  when  placed  in  the  gun ;    and  to 


*  Constitution  Militaire  de  la  France,'  note  d,  p.  246.     Paris,  1849. 
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M.  Paixhans  is  due  the  credit  of  showing  that  the  deviations 
may  thus  be  madp  to  take  place  either  in  vertical  or  lateral 
directions  with  tolerable  certainty;  and  if  the  amount  of  the 
deviations  were  in  every  case  constant,  the  practical  value  of 
such  projectiles  would  be  most  important. 

It  will  be  shown  hereafter  that  the  experiments  which  have 
been  made  in  this  country  with  excentric  spherical  projectiles, 
far  from  overthrowing,  confirm,  in  a  remarkable  degree,  the 
soundness  of  the  theory,  and  the  truth  of  the  maxim,  that,  of 
all  spherical  projectiles,  those  are  the  most  accurate  in  their 
flight  which  are  most  perfect  in  sphericity  and  homogeneity ; 
and  it  will  be  seen  that  the  only  practical  advantage  resulting 
from  the  employment  of  excentric  shot  and  shells,  is  the 
increase  of  range  which  takes  place  when  the  centre  of  gravity 
is  placed  upwards ;  it  must  be  remembered,  however,  that  this 
increase  is  variable  in  amount,  and  that  it  can  only  be  of  use 
in  firing  at  great  distances,  as  against  arsenals,  roadsteads,  or 
fortresses,  so  large  and  crowded  that  the  objects  can  scarcely  be 
missed. 

When  the  centre  of  gravity  is  not  coincident  with  that  of 
figure,  the  projectile  is  made  to  revolve  ab  initio  on  the  former 
centre;  thus  occasioning  a  compound  motion  in  the  flight  of 
the  projectile.  Now,  the  shot  being  placed  in,  and  fired  from 
the  gun,  with  the  line  joining  the  centres  of  gravity  and  figure 
in  a  vertical  plane,  and  perpendicular  to  the  axis  of  the  gun ; 
if  the  (rentre  of  gravity  be  above  that  of  figure,  the  shot  on 
leaving  the  gun  must  continue,  as  when  passing  tdong  the  bore, 
to  turn  over  on  a  horizontal  axis  perpendicular  to  the  plane 
of  projection,  the  resultant  of  the  projectile  forces  in  the  powder 
causing  the  front  to  turn  in  a  direction  from  below  upwards : 
hence  the  resistance  engendered  at  the  anterior  surface  of  the 
j)rojectile,  by  the  rotation,  conformably  to  the  theory  of  M. 
Magnus  (Art.  89),  gives  rise  to  a  force  of  reaction  which  pro- 
duces a  motion  of  the  shot  upwards.  The  resistance  engen- 
dered at  the  posterior  surface  of  the  projectile,  by  the  same 
rotation,  gives  rise  to  a  force  which  produces  a  motion  of  the 
shot  downwards ;  but,  as  the  density  of  the  air  is  greater  in 
front  of,  than  behind  the  ball,  on  the  whole  the  motion  is 
upwards,  and  this  increases  the  extent  of  the  range. 
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If  the  hall  moves  in  a  direct  line,  £ind  its  axis  remains  always 
in  the  direction  of  that  line,  the  air  will  be  compressed  in  front 
of,  and  rarified  behind  the  projectile,  but  will  remain  symme- 
trical wijh  respect  to  density  on  the  sides  around  the  axis  of 
rotation ;  £ind  no  deviation,  or  error  of  derivation,  as  M.  Tamisier 
names  it  (because  it  is  derived  from  the  rotation  of  the  projec- 
tile), will  be  engendered. 

\^Tien  the  centre  of  gravity  is  below  the  axis  of  the  bore, 
the  resuhant  of  the  projectile  forces  will  cause  the  front  of  the 
shot  to  turn  from  above  downwards,  and,  a  rotation  in  this 
direction  continuing,  the  range  will  be  di- 
minished. In  like  manner,  when  the  centre 
of  gravity  is  placed  on  the  right  or  left  hand 
of  the  axis  of  the  bore,  the  shot  will  turn 
on  a  vertical  axis,  and  produce  deviations  to 
the  right  or  left  iand  respectively.  The  cut 
represents  a  front  view  of  the  muzzle  of  a 
gun,  with  the  projectile  in  it.  The  points  a, 
b,  c,  d,  show  the  diflferent  positions  of  the  centre  of  gravity  in  a 
vertical  section  through  the  geometrical  centre  of  the  shot. 

187.  With  respect  to  the  ricochet  of  excentric  spherical 
projectiles,  there  can  be  no  doubt  that  the  rotation  which  causes 
deflection  in  the  flight  must  act  in  a  similar  manner  to  impede 
a  straightforward  graze.  When  an  ordinary  well-formed  homo- 
geneous spherical  projectile,  upon  which  probably  very  little 
rotation  is  impressed,  makes  a  graze,  the  bottom  of  the  vertical 
diameter  first  touches  the  plane  and,  immediately,  the  projectile 
acquires,  by  the  reaction,  a  rotation  upon  its  horizontal  axis,  by 
which  the  shot  rolls  onwards  throughout  the  graze,  favourably 
for  a  straightforward  second  flight. 

But  in  the  case  of  an  excentric  spherical  projectile,  placed 
with  its  centre  of  gravity  to  the  right  or  to  the  left,  its  rotation 
upon  its  vertical  axis  during  the  graze  must  occasion  a  fresh 
deflection  in  its  second  flight;  and  it  is  only  when  the  centre 
of  gravity  is  placed  in  a  vertical  plane  passing  through  the  axis 
of  the  gun,  that  the  rotation  occasioned  by  touching  the  ground 
will  not  disturb  the  direction  of  the  graze,  though  the  extent 
of  range  to  the  first  graze  will  be  affected  more  or  less,  accord- 
ingly as  the  centre  of  gravity  of  the  projectile  may  have  been 
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placed  upwards  or  downwards.     In  the  former  case  the  rotation 
of  the  projectile  conforms  with  that  produced  by  the  graze,  and 

Fig.  10. 


Fired  with  the  Centre  of  Gravis  upwards. 

will  not  therefore  retard  the  motion  so  much  as  when  the  centre 
of  gravity  is  placed  below.  In  the  latter  case,  the  projectile 
turning  in  the  reverse  direction  tends  t6  increase  the  resistance 
of  the  plane  to  the  progress  of  the  shot  during  the  graze.  In 
neither  of  these  cases  is  there  any  tendency  to  produce  deflec- 
tion if  the  medium  struck  be  uniform. 

188.  Although  convinced  of  the  soundness  of  the  theory 
respecting  the  homogeneity  of  spherical  projectiles  and  the 
truth  of  the  practical  maxims  founded  thereon,  as  well  aware 
of  the  deviations  occasioned  by  excentricity,  the  author  deemed 
the  subject  one  of  so  much  importance  as  to  require  the  fullest 
experimental  investigation;  and  he  addressed  accordingly  to 
the  Lords  Commissioners  of  the  Admiralty,  and  to  the  Master- 
General  of  the  Ordnance,*  an  earnest  recommendation  that 
courses  of  experiments  should  be  instituted  on  board  Her 
Majesty's  ship  "  Excellent,"  and  at  Shoebury  Ness,  to  ascertain 
the  amount  of  the  deviations,  vertical  and  horizontal,  in  the 
flight  of  excentric  spherical  projectiles  when  placed  in  the  gun 
with  the  centres  of  gravity  and  figure  in  different  positions  with 
respect  to  the  axis  of  the  bore,  and  to  compare  the  flight  of 
such  projectiles  with  that  of  projectiles  formed  with  the  utmost 
possible  attention  to  homogeneity  and  sphericity.  The  object 
in  having  such  experiments  made  was  to  ascertain  whether  the 
deviations  of  the  former  were  so  regular  as  to  admit  of  being 
allowed  for  in  pointing  the  gun ;  and  whether  any  result  might 
appear  to  disprove  the  maxim  that  spheri(!al  and  homogeneous 
projectiles  are  the  truest  in  their  flight.  The  recommendation 
was,  with  the  utmost  promptitude  and  liberality,  carried  into 


•  July  9,  1850. 
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effect ;  and  courses  of  experiments  were  instituted  both  at  Ports- 
mouth and  Shoebury  Ness. 

The  following  are  the  results  of  the  experiments  made  on 
board  the  "  Excellent "  at  Portsmouth. 

The  positions  of  the  centre  of  gravity  are  stated  with  respect 
to  the  geometrical  centre  of  the  shot ;  and  the  ranges  with  the 
deflections,  which  are  expressed  in  yards,  are  the  means  of  those 
obtained  from  the  different  roimds  fired  in  the  like  circum* 
stances. 

July  18, 1850.  With  a  32-pounder  gun  of  56  cwt.,  the  quantity 
of  metal  removed  from  one  side  of  the  shot  being  1  lb. : — 


Charge  8  lbs..  Elovation  79  H\ 

Charge  10  Ibs^  Elevation  3°  30'. 

Position  of  the  Centre 

of  Gravity  with 

respect  to  the  Centre 

of  the  Shot. 

BangG. 

Deflection. 

Range. 

Deflection, 

On  the  Right   .. 
On  the  Left      . . 
Upwards    . . 
Downwards 
Inwards     ..      .. 
Outwards  .. 
Concentric 

1032 
1163 
1433 
980 
1150 
1097 
1160 

6  right 

7  left. 

7  right.  31  left. 
5  right,  3  left 
41  right 
43  right 
4  right  3  left. 

1474 
1479 
1991 
1499 
1608 
1428 
1624 

20  right 

24}  left. 

20  right  6  left 

2  right  6J  left 

51  right 

9  right 

1  right. 

July  26,  1850.  With  an  8-inch  gui\,  9  feet  long,  of  Go  cwt., 
the  quantity  of  metal  removed  jfrom  one  side  of  the  shot  =  5  lbs, 
5  oz. : — 


Charge  10  lbs.,  Elevation  6°. 

Charge  10  lbs..  Elevation  2°  30'. 

Position  of  the 
Centre  of  Gravity. 

Range. 

Deflection. 

Range. 

Deflection.  - 

Right 

Left 

Upwards    . . 
Downwards 
Inwards     . . 
Outwards  .. 
C!oncentrio 

1617 
1684 
1940 
1562 
1740 

1702 

14!  right 
17  right 

Sileft 
31  right 

1040 
1028 
1146 
957 
11261 
1080 
1033 

5  right  1  left. 

2  right  4]  left. 
41  left. 

3  right,  31  left. 
11  right  1  left 
81  left. 

23  right  2  left 

August  7th,  1850.  A  32-pounder  gun  of  56  cwt.,  9  ft.  6  in. 
long.  Quantity  of  metal  removed  from  one  side  of  tlie  shot  = 
1  lb. :— 
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Chaiip  8  Ib&v  Elevation  12P. 


Ftifitioii  of  the 
Centre  of  Gnvi^. 


Upwards.. 

Downwards 

Goinoidont 


S614 
2676 
8058 


Deflectloa 


Variable. 
Variable. 
16i  right,  29  loft. 


An  S-inch  gun  of  65  cwt.,  9  ft.  6  in.  long.    Quantity  of  metal 
removed  from  one  side  of  the  shot  =  3  Iba : — 


[Cliarge  10  Ibel,  Elevation  10*^. 


Position  of  the 
Centre  of  Gravity. 


Upwards  .. 

Downwards 

Coinoidfflit 


•  a  .  • 


•  •  •■ 


Bange. 


8612 
2480 
2765 


Deflectiott. 


Variable. 
Variable. 
18  right,  18i  left. 


189.  The  experiments  were  carried  on  mider  the  direction 
of  Captain  (now  Hear-Admiral)  Chads^  C.B.  The  shot  were 
rendered  exoentric  by  a  hole  drilled  in  each  of  them  on  one 
side,  and  afterwards  filled  np  with  a  wooden  plu^  or  covered 
with  a  brass  plate. 

From  the-  preceding  abstract  it  is  evident  Aat  the  vertical 
deviations  arising  from  the  centre  of  gravity  being  placed 
upwards  produced  considerable  augmentations  of  range,  and, 
though  these  were  variable  in  amount,  yet,  since  they  might 
become  of  great  practical  utility  for  particular  purposes,  it  was 
desirable  to  ascertain  whether  a  like  increase  of  range  might 
not  be  obtained  when  excentric  shells  are  projected  at  great 
elevations  from  the  most  powerful  guns. 

190.  The  author,  in  consequence,  addressed  to  the  Master- 
General  of  the  Ordnance  (Memorandum  of  Sept  5,  1850)  a 
recommendation  that  experiments  should  be  made  at  Shoebury 
Ness  with  a  32-pounder  gun,  with  solid  shot  carefully  selected, 
and  with  shot  made  excentric  by  removing  some  of  the  metal, 
as  ill  the  previous  experiments,  and  likewise  with  excentric 
G8-i)(junder  shot  and  excentric  8-inch  shells  at  moderate  and 
at   <^reat  ranges.      He    also    recommended  that    experiments 
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should  be  made  in  order  to  ascertain  how  much  an  exceutric 
projectile  revolving  (as  when  the  centre  of  gra\'ity  is  placed 
sideways  in  the  gun)  upon  its  vertical  axis  would  be  deflectetl 
from  its  original  course  on  grazing  the  ground. 

Experiments  with  these  particular  objects  in  view  being 
immediately  ordered  to  be  made,  they  accordingly  took  place 
at  Shoebury  Ness,  under  the  direction  of  Captain  Walker,  B.A., 
and  the  three  following  tables  contain  an  abstract  of  the 
results."  The  first  column  shows  the  position  of  the  centre  of 
gravity  with  respect  to  the  geometrical  centre  of  the  shot.  The 
distances  are  in  yards. 

Sept.  19th  and  20th,  1850.  With  a  32-pounder  gun  of  60 
cwt. 


Charige  8  Ibt.,  ElevaUon  2°  SO'. 

Charge  10  lbs..  Elevation  2°  3ff. 

Position  of  the 
Centre  of  Gravity. 

Mean 
Ranges. 

Mean  Deflections. 

Mean 
Ranges. 

Mean  Deflections. 

Below 
Above 
Right        ..     .. 

Left 

Inwards 
Outwards  .. 

1137 
1570 
•    1395 
1252 
1355 
*1322 

6i  right,  4  lea 
63  right,  20J  left. 
9§  right. 
17i  left. 
6|  left 
13J  left. 

1287 
1633 
1346 
1364 
1393 
1386 

10  left. 

9J  right.  21  left 

13i  nght. 

193  left 

4  left 

2i  right,  3J  left 

October  3rd  and  9th.     With  a  32-pounder  gun  of  56  cwt. 


Charge  10  lbs..  Elevation  \7f*. 

Charge  10  lbs..  Elevation  2P  ZdT. 

PosiUon  of  the 
Centre  of  Gravity. 

Mean 
Ranges. 

Mean  Deflections. 

Mean 
Ranges. 

Mean  Deflections. 

Accidental 

In  the  axis  of  the  bore 

Riglit        

Left 

3006 
3114 

•  • 

59  right,  80  left. 

72  right  54  left 

• .      •  • 

185  light" 

24|^  right  178  left 

1401 
1397 
1257 
1244 
1594 
1180 

7}  right  2  left. 

4i  right  6  left. 

16  right  G'i  left 

8^  left. 

225  right 

4i  right  2  left 

Upwards 

Downwards 

3498 
2598 

•  In  the  preceding  and  following  tables  the  means  of  the  deflections  towards 
the  right  and  left  hand  are  given  separately.  This  method  has  been  preferred 
because  it  exhibits  the  mean  ratio  of  the  deflections  in  opposite  directions. 
The  usual  process  is  to  add  together  (algebraically)  all  the  deflections,  con- 
sidering those  on  the  right  and  left  to  have  contrary  signs,  ]H)sitive  and 
negative,  and  to  divide  the  sum  by  the  whole  number  ot  rounds  ;  but  this 
process  exhibits  an  appearance  of  accuracy  which  does  not  always  exist. 
Some  artillerists  have  prefeiTcd  taking  the  aritlimetical  mean  of  the  deflections 


to  the  right  and  left  without  distinction  of  direction. 
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October  10th  and  12th.  With  an  8-inch  gun,  65  cwt.,  and 
the  weight  of  the  solid  shot  =  68  lbs.,  from  which  4  lbs.  of  metal 
were  removed  in  order  to  render  the  shot  excentric. 


Charge  10  llm.,  Elevation  5«. 

Charge  10  Ibe.,  Elevation  10°. 

Position  of  the 
Centre  of  Qrayity. 

Mean 
Ranges. 

Mean  Deflections. 

Mean 
Banges. 

Mean  Deflections. 

Accidental 

In  the  axis  of  the  bore 

Right 

Left    .. 

Upwards 

Downwards 

1820 
1762 
1726 
1608 
2207 
1462 

16Jright,1811oft. 
15}  right. 
53i  right. 
15  right 
26§i%ht4|left. 
20  right 

• 

2616 
2702 
2558 
2332 
3339 
2051 

^  right.  23i  left 
804  right,  32  left. 
181  right. 
57  left. 
141  left. 
66  right. 

191.  The  method  adopted  in  making  experiments  with  excen- 
tric shot  was,  first  to  ascertain  the  position  of  the  centre  of 
gravity,  by  floating  the  projectile  in  mercury,  and  marking  its 
cuhninating  point  or  vertex ;  then  a  mark  upon  the  shot  dia- 
metrically opposite  to  that  point,  gave  the  direction  of  the  axis 
in  which  the  two  centres  lay ;  thus  the  shot,  when  fixed  to  a 
wooden  bottom,  could  be  placed  in  the  gun  with  the  centre  of 
gravity  in  the  several  positions,  upwards  or  downwards,  right 
or  left,  inwards  or  outwards,  in  which  the  flight  was  to  be 
tried. 

On  making  these  experiments,  it  appeared  that  not  above  one 
iron  shot  in  a  hundred,  when  floated  in  mercury,  was  indifferent  as 
to  the  position  in  which  it  was  so  floated,  but  turned  immediately 
until  the  centre  of  gravity  arrived  at  the  lowest  point,  and  con- 
sequently that  not  one  shot  in  a  hundred  was  perfect  in  spheri- 
city and  homogeneity.  This  defect  commands  the  most  serious 
consideration.  It  has  been  remedied,  as  we  have  seen  (Art..  89, 
Note),  in  the  fabrication  of  leaden  bullets,  and  there  can  be  no 
doubt  that,  if  duly  notified  to  the  contractors  for  the  supply  of 
iron  shot,  mechanical  skill  and  ingenuity  would  discover  some 
mode,  by  the  employment  of  wrought  iron,*  of  providing  more 


"  A  proposition,  emanating  from  an  officer  of  the  Eoyal  Engineers  (Captain 
Symnions),  of  great  acquirements  and  intelligence,  and  much  experience  in 
the  manufacture  of  ^vrought-iron  girders  and  other  heavy  articles,  has  recently 
been  made  for  fabricating  guns  of  wrought  iron,  wliich,  with  equal  powers  of 
resistance  to  guns  of  cast  iron,  may  be  much  lighter,  and  more  capable  of  re- 
sisting the  explosion  of  the  charge.   The  reader  will  perceive  (Art.  219,  Kote), 
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* 
perfect  shot,  as  well  in  figure  as  in  density.     The  process  by 

which  this  may  be  effected  will  no  doubt  render  the  shot  much 

more  costly,  and,  if  it  were  necessary  for  general  service,  the 

expense  would  prove  a  fatal  objection  to  the  suggestion,  but  this 

is  not  required.    Ordinary  shpt,  however  imperfect  in  these 

respects,  are  sufficient  at  distances  and  under  circumstances 

which  do  not  require  a  high  degree  of  perfectibility.     But  when 

a  successful  result  may  depend  upon  the  effect  of  one  or  two 

rounds — suppose  from  the  pivot-gun  of  a  large  steamer,  which 

may  have  just  attained  a  favourable  position,  not  likely  soon  to 

be  regained,  if  the  effect  of  its  shot  should  fail — economy  in 

expense  becomes  the  worst  of  prodigality.    It  is  now  proved, 

beyond  all  doubt,  that  perfect  concentricity  is  indispensable  to 

accuracy  in  the  flight  of  spherical  projectiles  ;  and  no  expense, 

therefore,  should  be  spared  in  providing  at  least  a  few  correct 

shot  for  such  occasions. 

192.  On  analyzing  the  experiments  both  at  Portsmouth  and 

Shoebury  Ness,  it  appears  that  the  flight  of  the  ordinary  solid 

shot  was  the  most  true,  the  lateral  deflections  being  frequently 

but  one-half,  sometimes  one-third  or  one-fourth  only,  of  the 


that  Mr.  Daniel  Trcadwell,  of  the  United  States,  constructed  a  32-poimdcr 
sea-service  gun,  in  great  part  of  pieces  of  wrought  iron  welded  together,  and 
compressed  by  ^  hydrostatic  machine  of  great  power,  the  whole  mass  formed 
into  a  gun  by  turning  and  boring — therefore  this  is  not  a  new  proposition,  so 
far  as  material  is  concerned ;  but  it  is  anticipated  that  tlie  means  recently 
discovered  for  welding  and  consolidating  bars  of  wrought  iron  into  uniform 
masses  will  allow  of  a  gun  being  produced  of  that  material,  suflSciently  sound 
and  tenacious  to  withstand  the  action  of  repeated  discharges  of  shot  by  the 
agency  of  gunpowder, 

With  respect  to  shot,  it  may  be  stated  that  a  manufacturer  of  great  expe- 
rience is  now  prepared  to  make  shot  of  wrought  iron  for  experiment.  These 
will  not  be  so  apt  to  split  or  break  as  shot  of  cast  iron ;  they  may  also  bo 
made  more  spherical,  and  perfectly  homogeneous  :  it  is,  therefore,  extremely 
desirable  that  experiments  should  be  instituted  to  trj'  that  important  propo- 
sition. Wrought-iron  shot  may  bo  more  liable  to  rust  and  corrode  than  cast- 
iron;  but  by  proper  precautions  this  may  be  prevented.  If  heated  to  a 
certain  temperature;  and  then  plunged  into  a  vessel  containing  pitch,  a  very 
enduring  lacker  will  be  formed. 

In  a  letter  from  Messrs.  Fox,  Henderson,  and  Co.,  addressed  to  Captain 
Symmons,  it  is  stated  that  a  wrought-iron  shot  0.2  inches  diameter  would 
weigh  34.24  lbs.,  and  one  6.3  inches  diameter  would  weigh  35.92  lbs.  Cast- 
iron  shot  of  those  diameters  weigh,  respectively,  31.89  lbs.  and  33.46  lbs. 
Also  that  the  price  of  200  wrought-iron  shot  weighing  35'  lbs.  each  (in  all 
3.12  tons)  would  be  (58.  5}(i.  each)  54Z.  125.  If  the  shot  were  galvanized,  the 
a<lditional  cost  would  be  (Is.  3^/.  each)  13?.  2s.  Hence  the  total  cost  of  200 
wrought-iron  shot  6.2  in.  diameter,  galvanized,  would  be  07/.  14s. 
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deflections  of  the  excentric  shot ;  that  these  last  deflections  were 
always  in  the  direction  in  which  the  centres  of  gravity  of  the 
shot  were  placed  in  the  gun  ;*  and  that  the  increases  or  diminu- 
tions of  range  caused  by  the  vertical  deviations  were  produced, 
respectively,  as  the  centres  of  gravity  of  the  shot  were  placed 
upwards  or  downwards.  It  appears  ako  that  the  lateral  devia- 
tions, though,  in  general,  constant  in  direction,  were  very  vari- 
able in  amount  In  the  experiments  carried  on  at  Shoebury 
Ness,  on  the  9th  of  October,  1850,  the  vertical  deviation  of  a 
32-poimder  shot,  with  a  charge  of  10  lbs.  and  an  elevation  of 
2^°,  produced  an  increase  of  range  equal  to  above  400  yards. 
And,  on  the  following  day,  the  vertical  deviation  of  a68-pounder 
shot  from  an  8-inch  gun  of  65  cwt.,  with  a  charge  of  10  lbs.  and 
an  elevation  of  5^  produced  an  increase  of  range  nearly  equal 
to  750  yards.  There  can  be  no  doubt,  therefore,  that  from  a 
68-pounder  gun  of  95  cwt.,  with  a  full  service  charge,  and  an 
elevation  of  15°  or  20*^,  a  range  may  be  obtained,  which,  under 
certain  circumstances,  may  be  of  very  great  importance  to  the 
naval  service  of  the  country. 

193.  In  October,  1850,  Capt  (now  Eear- Admiral)  Chads  made, 
on  board  the  "Excellent,"  some  important  experiments  with 
10-inch  shells,  which  he  rendered  excentric  by  boring  two  holes 
in  each,  diametrically  opposite  to  one  another,  stopping  up  one 
with  lead,  and  the  other  with  wood.  SheUs  thus  prepared,  and 
also  common  shells,  were  fired  at  elevations  of  15°  with  12  lbs. 
of  powder ;  and,  while  the  mean  range  of  the  latter  was  3073 
yards,  the  others,  when  the  centre  of  gravity  was  upwards, 
ranged  from  3200  to  3550  yards.  These  important  results  were 
produced  by  an  excentricity  which  amounted  only  to  .15  inch 
— a  circumstance  which  will  no  doubt  be  noticed,  and  lead  to 
tlie  trial  of  a  greater  excentricity,  in  future  experiments. 

In  compliance  with  the  recommendation  of  the  author,  as 
above  stated  (Art.  190),  four  guns  of  112  cwt.,  mounted  on 
carriages  which  admit  of  elevating  the  gun  up  to  32°  inclusive, 
^^ero  prepared  as  proposed  by  Captain  (now  llear-Admiral) 
Chads,  and  the  experiments  were  resumed  at  Shoebury  Ness 
in  July,  1851. 


"  'J'licrc  is  ()nc  c'Xcoi»tional  case  only  in  tlie  whnle  of  the  trials. 
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The  ehells  were  made  excentric  by  being  cast  with  a  solid 
s^ment,  a,  weighing  4  lbs.,  of  the  interior  sphere,  left  in  the 


shell  (fig.  11),  by  which  the  weight  of  the  shell  was  increased  to 
91  lbs.  The  figure  shows  the  position  of  the  excentric  shall  as 
placed  in  the  gun  with  Uie  centre  of  gravity  upwards,  for  the 
ptupose  of  determining  the  longitudinal  deflection,  or  increase 
of  range,  thence  arising. 

Besclt  of  CoHPAKATivE  Tri*lb  from  lO-inch  GuDH  of  112  cwt,  101  feci  in 
length,  witb  Excentric  and  CoDcentric  Hollow  Shot  of  91  Ibe.  nnd  87  lbs. 
reapeotivelj,  and  15  lbs.  Cbarges  of  Powder,  taken  at  Shoebtuy  Nl-iw,  iu  tlio 
year  1891. 
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It  appears  from  the  preceding  table,  that  the  excentric  shell 
reached  its  greatest  power  of  range  at  28",  whilst  that  of  the 
concentric  shell  continued  to  gain  up  to  32" ;  it  remains  to  bo 
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seen  whether  at  higher  elevations  the  concentric  shell  would 
gain  upon  or  overtake  the  other. 

The  deflections  with  both  projectiles  at  these  high  elevations 
were  very  great,  but  those  of  the  excentric  cannot  be  said  to 
have  been  in  every  case  greater  than  those  with  the  concentric 
shell ;  seeing  that  at  12°  and  20°  it  was  the  reverse,  and  at  32°, 
whilst  the  deflection  to  the  right  was  nearly  equal,  that  to  the 
left  was  more  than  twice  as  much  with  the  concentric  as  with 
tlie  excentric  projectile. 

In  these  experiments  both  the  excentric  shells  and  hoUow 
shot  were  occasionally  found  to  be  cracked  when  recovered  after 
firing.  In  prosecuting  these  experiments  it  may  therefore  be 
necessary  to  increase  the  thickness  of  mettd  in  both  these  pro- 
jectiles. The  increase  of  weight  thus  rendered  necessary,  the 
charge  remaining  the  same,  will  reduce  somewhat  the  initial 
velocity :  in  some  cases  it  may  increase,  in  others  diminish  the 
range  (Arts.  246,  251);  but  the  projectile  will  be  enabled  the 
better  to  overcome  the  resistance  of  the  air,  and  though  the 
striking  velocity  may  be  less,  the  momentum,  and  consequently 
the  penetrating  power,  which  varies  with  the  density  of  the 
projectile  (Art.  82),  will  be  greater  than  that  of  the  lighter 
shell. 

It  must  be  remarked,  that  firing  at  these  high  elevations 
partakes  so  much  of  the  conditions  of  vertical  shell  firing  as  to 
be  liable  to  all  the  uncertainties  of  that  practice  with  ordinary 
projectiles  (Art  268),  and  is  such  that  there  would  be  little 
probability  of  hitting  a  ship  or  battery  ;  but  in  shelling  fortresses, 
arsenals,  crowded  roadsteads,  or  any  extensive  space,  these  ex- 
treme ranges  might  be  very  serviceable. 

In  June,  1852,  experiments  were  resumed  at  Shoebury  Ness 
with  a  10-inch  gun,  of  116  cwt.,  carrying  an  excentric  shell  of 
100  lbs.,  and  the  following  is  an  abstract  of  the  results  : — 


Cliarge  16  lbs..  Elevation  29P. 

Charge  16  lbs.,  Elevation  32P. 
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It  is  deserving  of  remark  that,  after  the  greatest  range  (5860 
yards)  had  been  obtained,  at  the  next  discharge  the  gun  burst. 
This  was  at  the  54th  round. 

All  the  results  above  stated  prove  decisively  the  correctness 
of  the  deductions  from  theory,  and  of  the  practical  maxim  that 
errors  in  sphericity  and  homogeneity  in  a  shot  are  causes  of  its 
deviation  from  a  correct  path ;  and  it  follows  that  spherical  and 
homogeneous  projectiles,  being  the  most  simple,  and  quite  in- 
different to  the  position  in  which  they  are  placed  in  the  gun  and 
rolled  home,  as  well  as  to  that  in  which  they  pass  through  the 
atmosphere,  are  decidedly  to  be  preferred  to  the  others. 

In  ricochet  firing,  whether  the  rebounds  take  place  from 
water,  as  in  the  experiments  made  on  board  the  "  Excellent," 
or  on  land,  as  in  those  carried  on  at  Shoebury  Ness,  the  shot 
when  revolving  on  a  vertical  axis,  instead  of  making  a  straight- 
forward graze,  suffered  deflections  which  were  invariably  towards 
the  same  side  of  the  line  of  fire  as  the  centre  of  gravity ;  and  at 
every  graze  up  to  the  fourth  a  new  deflection  took  place.  (See 
Art  188.) 

194.  The  results  of  these  very  curious  and  instructive  experi- 
ments fully  explain  the  extraordinary  anomalies,  as  they  have 
heretofore  been  considered,  in  length  of  range  and  in  the  lateral 
deviations :  ihem  have  been  attributed  to  changes  in  the  state 
of  the  air,  or  the  direction  of  the  wind,  to  differences  in  the 
strength  of  the  gunpowder,  and  to  inequalities  in  the  degrees  of 
windage.  All  these  causes  are,  no  doubt,  productive  of  errors 
in  practice,  but  it  is  now  clear  that  those  errors  are  chiefly  occa- 
sioned by  the  excentricity  and  non-homogeneity  of  tne  shot  and 
the  accidental  positions  of  the  centre  of  gravity  of  the  projectile 
with  respect  to  the  axis  of  the  bore.  The  whole  of  these  experi- 
ments furnish  decisive  proof  of  the  necessity  of  paying  the  most 
scrupulous  attention  to  the  figure  and  homogeneity  of  solid  shot, 
and  the  concentricity  of  shells ;  and  they  exhibit  the  remarkable 
fact  that  a  very  considerable  increase  of  range  may  be  obtained 
without  an  increase  in  the  charge,  or  elevation  of  the  gun. 

The  abstract  given  in  Art.  190  of  the  Shoebury  Ness  experi- 
ments is  formed  from  the  Report  made  to  the  Master-General  of 
the  Ordnance  by  the  Select  Committee  to  whom  the  considera- 
tion of  those  experiments  had  been  referred ;  and,  in  concluding 
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the  subject^  the  author  has  great  satisfaction  in  stating  that  the 
Eeport  alluded  to  is  perfectly  in  accordance  with  the  views  which 
induced  him  to  recommend  that  those  experiments  should  be 
instituted.  The  Beport  states  that>  though  no  useful  application 
of  the  excentric  principle  can  be  made  in  general  service,  and 
that  its  use  is  limited  to  cases  in  which  a  more  extended  range 
may  be  required  than  is  practicable  under  ordinary  circum- 
stances, yet  the  Committee  expresses  a  decided  opinion  that  the 
very  interesting  experiments  which  have  been  made,  agreeably 
to  the  author's  suggestions,  must  be  considered  as  highly  in- 
structive, since  they  prove  that  the  most  influential  among  the 
various  causes  of  the  deflection  of  shot,  in  their  flight,  is  the 
want  of  perfect  homogeneity  in  their  material^ 

195.  In  December,  1848,  and  again  in  January,  1849,  some 
experiments  were  made  at  Woolwich,  in  the  presence  of  Colonels 
Dundas  and  Chalmer,  with  a  shell  weighing  57^  lbs.,  of  a 
conoidal  figure,  having  curvilinear  grooves  on  its  convex  sur&ce, 
the  invention  of  a  Captain  Thistle,  of  the  United  States'  army ; 
but  the  ranges,  and  the  accuracy  of  the  practice,  were  found  to 
be  inferior  to  those  of  spherical  shot  £rom  the  same  ordnance. 

196.  In  March,  1849,  Dr.  Minesinger,  an  American,  exhibited 
at  Woolwich  a  spherical  ball  (23  to  the  lb.),  having  attached  to 
it  a  four-grooved  tail  resembUng  the  first  screw-propellers  with 
four  leaves.  The  ball  was  fired  £rom  a  gun  5  feet  7  inches  long, 
with  a  percussion-lock.    The  gun  contained  at  the  breech  a 

Fig.  12.  space  for  a  chamber  (an  old  construction),  and 
five  of  these  chambers,  each  3  inches  long,  being 
previously  loaded,  might  be  successively  intro- 
duced in  the  barrel,  no  ramrod  being  necessary. 
Each  chamber  has  a  projecting  nipple,  on  which 
is  a  percussion-cap.  The  grooved  tail  of  the  ball 
is  placed  next  to  the  charge,  and  20  rounds  may 
be  fired  in  a  minute. 

Dr.  Minesinger  exhibited  also  an  oblong  shot  or 
shell  (fig.  12)  for  a  32-pounder  gun,  with  a  four- 
grooved  tail  similar  to  that  of  the  musket  bullet ;  it  weighed 


"*  Tlio  rio])ort  was  communicatocl  to  tlie  author  l\v  onlcr  of  tlie  ^faster- 
(irneral  ol'  (lie  Ordnance,  Jan.  lltli,  1H51. 
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46  lbs. ;  when  used  as  a  shell  it  is  cast  hollow,  and  has  a  copper 
cap  placed  on  the  end.  Neither  of  these  projectiles  was  found 
to  answer  the  proposed  purpose.  Dr.  M.'s  shot  were  fired  from 
a  British  32-pounder  of  56cwt.,  with  a  charge  of  lOlbs.,  and 
were  found  to  be  decidedly  inferior  to  the  service  balls  used 
with  that  nature  of  ordnance. 

197.  A  very  ingenious  invention  was,  a  few  years  since, 
patented  by  Mr.  Lancaster,  for  causing  a  shot  to  rotate  on  its  axis 
throughout  the  range,  by  firing  it  from  a  carbine  or  a  piece  of 
heavy  ordnance,  having  an  elliptical  bore  of  small  excentricity. 
The  helix,  which  has  a  turn  of  about  one-fourth  of  the  periphery 
in  its  length,  is  not  uniform,  being  nearly  rectilinear  to  a  certain 
distance  from  the  bottom  of  the  bore,  and  increasing  gradually 
but  rapidly  in  curvature  from  thence  to  the  muzzle.  In  August, 
1851,  some  experiments  were  carried  on  at  Shoebury  Ness,  with 
an  8-inch  cast-iron  gun  of  this  nature,  10  feet  long  and  weighing 
96  cwt.  The  ellipticity  of  the  bore,  or  the  difference  between 
the  axis,  was  .27  inch:  the  shot,  of  which  a  section  perpen- 
dicular to  the  axis  was  elliptical,  was  hollow,  its  form  cylindro- 
conoidal,  and  it  weighed  75  lbs.  An  elhptical  piece  of  felt, 
rather  larger  than  the  base  of  the  projectile,  was  fixed  to  that 
base,  with  a  plate  of  iron  of  the  like  form,  but  smaller,  below  it 
This  felt  performed  the  office  of  the  patch  in  the  ordinary  rifle, 
and  it  had  the  effect  of  taking  away  the  windage  without  creat- 
ing much  friction.* 

Seven  rounds  were  fired,  and  in  all,  except  one,  the  shells 
broke  in,  or  on  leaving,  the  gun ;  they  were  blown  to  atoms,  as 
if  they  had  been  large  iron  canisters  for  holding  powder,  instead 
of  being  designed  for  projectiles. 

In  December,  1852,  some  further  experiments  were  carried 
on  at  the  same  place,  with  a  68-pounder  gun  of  92  c^vt.,  formed 
as  above  described,  and  carrying  a  spheroidal  shell.  With 
charges  of  10  lbs.,  and  elevations  from  2°  to  17°,  the  ranges  to 
the  first  graze  were  from  1340  yards  to  5600  yards.  At  the 
eighth  round  the  shell  stuck  in  the  gun. 

Two  8-inch  round  shot  fired  from  the  same  gun,  with  charges 


■  It  will  be  seen  in  Art.»212  that,  in  the  United  St^vtcs,  shot  liavc  boon 
enveloped  in  felt  in  order  to  prevent  the  abrasion  ot  the  Ixjres  of  the  guns'. 


,  V  . :  IV,  -^  4a  c&'^v^^i^vft*  of  15^  ranged,  one  of  them  to  the 
.A9Mtii%i4^v  s»4*  <S!AV\*rU8^  with  a  deflection  to  the  right  of  50  yards, 
^^i^iKi  V^'  v^ib^HT  \i^^^^  var^  with  a  deflection  of  only  2  yards,  to 

1^  Ith^  author  has  ever  entertained  an  opinion  that  the 
^vltil^k'HUY  Uuned  gun  was  a  dangerous  piece  of  ordnance,  and  he 
Ml  ixuaUUnit  that  if,  with  the  maximum  charge  and  an  elevation 
\>f  Iv^'  *v}  |uroposed,  there  were  propelled  solid  shot  or  shells  so 
8ti\n>g  t\8  not  to  break,  a  great  risk  of  the  gun  bursting  would 
Ih^  incurred.  This  opinion  was  verified  by  the  results  of  the 
ox|>erimental  trials  carried  on  at  Shoebury  Ness  in  1854,  when 
one  of  Mr.  Lancaster's  68-pounder  guns,  which  was  formed  of 
wrought  iron,  burst,  though  a  reduced  charge  of  12  lbs.,  instead 
of  16  lbs.  of  powder  (the  maximum  charge),  was  employed.  The 
fragments  were  thrown  to  a  considerable  distance,  but  happily 
no  one  was  injured,  the  firing  party  having,  from  some  distrust 
of  the  gun*s  strength,  been  placed  under  cover :  had  it  been 
otherwise,  a  fatal  catastrophe  must  have  ensued,  as  in  the  burst- 
ing of  the  guns  at  Malta  and  Gibraltar.  It  was  observed  that 
the  vent  had  become  much  enlarged ;  but  this  circumstance,  as 
well  as  the  reduced  charge  employed,  must  be  considered  as 
having  diminished  the  danger  of  the  gun  bursting.  This  acci- 
dent, together  with  those  which  have  since  occurred  on  service, 
can  be  ascribed  only  to  the  peculiar  formation  of  the  bore,  which 
causes  the  shot,  in  forcing  its  way  through,  to  exert  a  great 
strain  on  the  gun.  In  a  former  experiment  a  shell  stuck  in 
the  bore  while  the  gun  was  being  loaded;  and  it  is  easy  to 
conceive,  therefore,  that  a  shell  might  stick  in  going  out;  in 
which  case,  if  the  shell  should  not  break,  the  gun  must  inevitably 
burst. 

It  is  moreover  a  matter  of  no  small  difficulty  to  make  a 
wrought-iron  elongated  elliptical  shelL  The  body,  without  the 
bottom,  is  easily  forged  and  formed ;  but  to  complete  the  shell, 
by  welding  the  bottom  firmly  to  the  body,  is  not  easily  executed, 
and  it  appears  that  this  is  the  main  cause  of  failure.  The  cost 
of  manufacturing  one  of  these  shells  is  at  present  something 
enormous.  The  formation  of  the  elliptical  bore  is  likewise  a 
nice  and  costly  operation,  which  enhanc^p  considerably  the  price 
of  flie  gun  over  that  of  a  68-pounder.     Wrought-iron  shells  do 
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not,  like  those  of  cast  iron,  break  into  many*  pieces  by  the 
explosion  of  their  bursting  charge,  but  they  are  apt  to  open  at 
their  weakest  parts.  Also,  the  percussion-fuze,  being  at  the 
apex  of  the  shell,  would,  it  appears,  act  before  the  body  of  the 
shell  is  imbedded  in  the  material  which  it  is  intended  to  injure 
or  destroy;  and,  when  a  wrought-iron  shell  is  fired  against  a 
hard  body,  as  granite,  the  point  yields  to  the  blow,  and  is 
blunted  or  doubled  back,  by  which  the  impact  of  the  shell  is 
deadened,  and  the  penetrating  power  is  diminished. 

To  the  vast  force  ¥rith  which  the  projectile  rubs  and  strikes 
against  the  surface  of  the  bore,  while  following  the  spiral  turn, 
and  thus  acquiring  the  properties  of  a  rifle-shot,  may  be  attri- 
buted the  frequent  breaking  of  the  projectile,  even  when  made 
of  wrought  iron.  It  requires  much  habitual  skill,  or  knack,  in 
serving  the  gun,  to  introduce  and  set  the  shell  home,  through 
the  turning  of  the  bore;  and  it  is  not  luilikely  that,  in  some 
instances,  the  bursting  of  the  Lancaster  guns  may  be  occasioned 
by  the  oval  ball  leaving  a  space  between  it  and  the  gunpowder, 
or  by  getting  fixed  in  the  gun  by  change  of  position  whilst  it  is 
being  propelled  through  the  oval  bore.  Without  the  utmost 
care  in  loading,  these  guns  must  be  liable  to  burst  at  every 
round,  and  the  firing  must  be  very  slow.  The  strongest  gun 
bursts  readily  if  the  ball  be  obstructed  in  its  progress  when  near 
the  muzzle,  which,  no  doubt,  was  the  cause  of  the  bursting  of 
one  of  the  Lancaster  guns  near  the  muzzle  at  Sevastopol.  With 
respect  to  leaden  shots  fired  from  the  Lancaster  elliptically- 
bored  muskets,  no  such  accident  can  happen  with  them;  but 
they  often  stripy  or  pass  straight  out  of  the  barrel,  which  must 
happen  when,  being  heated  in  the  flame,  they  change  their 
form  and  do  not  follow  the  windings  of  the  spiral  bore.  Iron 
shots  are  incapable  of  changing  their  form,  and  must,  therefore, 
either  follow  the  spiral  bore,  or  cause  the  gun  to  burst.  The 
withdrawal  of  the  Lancaster  elliptically-bored  guns  from  the 
"  Pelter "  gun-boat  at  Portsmouth,  and  from  the  despatch-gun- 
boats "  Arrow  "  and  "  Beagle  "  at  Sevastopol,  and  the  judicious 
order  to  arm  all  the  new  gun-boats  with  the  68-pounder  guns 
of  95  cwt.,  were  necessary  consequences  of  the  very  unfavourable 
reports  which  were  made  of  those  guns  at  Bomarsund,  as  being 
deficient  in  precision,  and  not  to  be  depended  on,  corroborated, 
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as  tlioso  reports  were  from  very  high  authority  on  the  spot,  of 
the  very  bad  practice  made  by  the  Lancaster  guns  at  1300 
yards  at  Bevastopol  in  the  land-batteries,  and  the  fact  that  two 
of  them  burst!  In  firing  into  the  town  they  were  said  to 
have  done  great  damage  to  the  place,  when  loaded  with  their 
own  peculiar  shells ;  but  few  of  these  having  been  supplied,  the 
o>'al  guns  were  chiefly  used  in  firing  round  projectiles,  shot 
and  shells,  grape  and  canister  shot,  all  of  which  would  have 
been  more  efficiently  and  appropriately  used  from  68-pounder 
guns.  So  confident  were  the  expectations  entertained  of  the 
alleged  powers  and  the  assumed  precision  of  the  Lancaster  guns 
to  destroy  any  works  at  a  distance  of  5000  or  6000  yards,  that 
it  was  actually  intended  to  rebore  68-pounders  and  8-inch  shell 
guns  into  the  elliptical  spiral  form !  This  transformation  would 
have  weakened  them  so  much,  that  the  danger  of  bursting,  to 
which  elliptically-bored  guns  are  already  so  liable,  would  be 
greatly  increased: — ^it  will  undoubtedly  spoil  a  capital  8-inch 
gun,  and  make  a  very  bad  and  dangerous  elliptical  howitzer ; 
because,  being  chambered,  it  is  incapable  of  receiving  the  large 
charges  requisite  to  produce  the  long  range,  in  which,  together 
with  their  alleged  superior  precision  in  distant  firing,  the  pecu- 
liar merits  of  the  Lancaster  guns  were  supposed  to  consist; 
these  were,  in  &cty  the  sole  reasons  for  which  they  were  intro- 
duced into  the  naval  service.  Though  executed  at  enormous 
cost,  and  equipped  with  their  peculiar  shells  (each  wrought-iron 
shell  is  said  to  have  cost  twenty  pounds),  they  have  failed  to 
accomplish  on  service  the  special  purposes  for  which  they  were 
designed.  They  cannot,  as  has  been  shown,  resist  a  charge  of 
16  lbs. ;  they  are  also  proved  to  be  defective  in  precision  in 
distant  firing,  and  even  at  short  ranges.  It  must  nevertheless 
be  observed  that  the  Lancaster  guns  may  be  uiteful  for  par- 
ticular services.  In  the  attack  of  Sveaborg  (1854)  Captain 
Hewlett  commanded  two  gun-boats  which  were  armed  with 
them.  Their  fire  was  directed  against  a  Bussian  three-decker 
which  was,  moored  across  the  harbour,  and  which  their  shells 
twice  set  on  fire,  besides  causing  the  enemy  a  great  loss  of  life 
by  the  explosions.  It  may  be  added  that  shot  of  G8  lbs.  fired 
from  these  guns  have  as  great  a  range  as  if  fired  from  an  ordi- 
nary f2:nn  of  95  cwt.     The  fiight  of  the  oblong  projectile  is  eer- 
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tainly  very  erratic,  but  tlioy  may  be  used  with  advantage  against 
large  objects.  Let  it  be  observed  that  the  bombardment  of 
towns  can  be  more  effectually  accomplished  by  mortars  of  equal 
weight,*  projecting  much  hea\aer  shells  with  equal  bursting- 
charges,  and  producing  nearly  equal  ranges. 

199.  The  bombardment  of  a  fortified  place  is  more  destructive 
to  the  non-combating  mhabitants,  generally  very  numerous,  than 
to  the  defenders  of  the  works,  who,  when  not  on  duty,  are  lodged 
in  shell-proof  barracks,  and  produces  less  effect  upon  the  mili- 
tary works  than  upon  the  dwellmgs  of  the  citizens.  In  fact,  the 
object  of  the  bombardment  is  to  compel  the  garrison  to  sur- 
render, -not  by  the  injury  which  it  may  sustain,  but  by  the 
slaughter  and  misery  inflicted  on  the  unoffending  inhabitants ; 
and  no  retrospect  can  be  more  afflicting  than  that  which  intrudes 
on  the  mind  of  one  who,  like  the  author,  has  witnessed  the 
horrors  of  a  bombardment. 

When  the  very  existence  of  a  nation  is  menaced,  when,  con- 
sequently, self-defence,  active  as  well  as  passive,  is  a  paramoimt 
consideration^  the  infliction  of  the  greatest  possible  injury  on 
the  aggressor,  by  any  means  whatever,  becomes  justifiable ;  but, 
in  a  war  of  policy,  which  should  be  directed  rather  against  the 
chief  of  a  state  and  his  forces. than  against  his  subjects,  a  mea- 
sure, the  dreadful  consequences  of  which  fall  upon  these  alone, 
must  inevitably  engender  among  them  feelings  of  bitter  ani- 
mosity against  the  nation  by  which  they  have  been  so  cruelly 
outraged. 

200.  But,  if  it  be  determined  that  a  place,  whether  it  be  an 
inland  fortress  or  a  naval  arsenal,  shall  be  bombarded,  the 
ordnance  used  should  be  of  large  calibre,  and  mortars  should  be 


'  It  whs  stated,  some  time  since,  that  a  certain  number  of  mortar-8hij)s  were 
about  to  be  constructed,  and  that  they  were  to  be  armed  with  13-incli 
mortars  slung  by  the  trunnions  upon  iron  rods  moving  uix)n  an  iron  shaft  of  9 
inches  in  diameter,  in  such  manner  that  by  their  pendulous  weight  they  may 
remain  undisturbed  by  the  motion  of  the  vessel,  and  be  fired  with  certainty,  at 
any  elevation,  whatever  be  the  pitching  or  rolling  motion  of  the  ship  !  We 
old  artillerists  of  the  war  between  1793  and  1814  remcnibor  Cungreve's 
suspended  mortar,  or  howitzer,  for  it  was  either,  accordingly  as  it  might  be 
placed  in  the  slings  ;  all  such  contrivances  failed,  and  the  author  cannot  helj) 
expressing  his  apprehension  that  such  will  bo  the  result  with  respect  to  these 
suspended  mortars.  Twenty  mortar-shijjs  should  have  lK?en  sent  with  our 
fleets  to  the  Baltic  and  the  Black  Seas  during  the  war  in  1854. 
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service,  are  not  safBciently  cogent  to  warrant  the  disuse  of  such 
ordnance  in  naval  expeditions.  It  appears  to  the  author  that  a 
large  fleet  fitted  out  specially  for  the  purpose  of  bombardment, 
should  be  provided  with  a  certain  number  of  bomb-ships.  These 
are  very  inexpensively  furnished,  draw  little  water,  and  may  be 
towed  to  their  fighting  positions  by  small  steam-tugs :  an  officer 
and  a  few  marine  artillerymen  suffice  for  the  service  of  the 
mortars :  they  are  also  small  objects  for  the  enemy  to  fire  at ; 
and,  if  destroyed,  there  is  comparatively  little  loss  in  value,  and 
small  risk  of  life.  Seven  bomb-ships  were  attached  to  the  Baltic 
fleet  in  1801,  and,  from  these,  at  the  time  of  forcing  the  passage 
of  the  Sound,  shells  were  thrown  into  Cronenberg  with  consider- 
able effect,  while  the  fleet  sustained  no  injury  whatever  from 
the  enemy's  guns.  Admiral  Nelson  made  use  of  those  bomb- 
ships  at  the  battle  of  Copenhagen;  and  to  tliis^ bombarding 
power  was  greatly  indebted  in  bringing  those  very  critical 
operations  to  a  successful  termination.  In  the  British  naval 
service,  though  bomb-ships  no  longer  exist,  13-inch  and  10-inch 
sea-service  mortars  are  retained :  from  this  it  appears  that  hori- 
zontal or  howitzer  shells,  fired  from  the  pivot-guns  of  steam- 
frigates,  are  supposed  to  be  efficient  substitutes  for  mortars  in 
bombardments  of  fortresses  and  naval  arsenals :  but  this  is  not 
so ;  and  therefore  to  employ  large  and  costly  steam-ships  in  thia 
way,  is  to  incur  a  risk  of  very  great  loss  in  propeily  and  life, 
without  the  power  of  accomplishing  the  peculiar  conditions 
required  in  bombardments,  and  which  mortar-shells  can  so 
much  more  eflTectually  fulfil.     (See  the  preceding  article.) 

The  bombardments  by  the  French  of  St.  Juan  d'UUoa,  in 
1838,  and  of  Vera  Cruz,  in  1839,  prove  sufficiently  that  our 
neighbours  have  not  abandoned  the  use  of  sea-service  mortars ; 
and,  from  the  *  Aide  Memoire  Navale,'  we  learn  that  such 
mortars  are  considered  indispensable  for  bombardments.  The 
French  possess  several  mortar-ships  (bomhardes),  as  "  I^a  Dore," 
"  L' Acheron,"  "  Le  Vesuve,"  "  Le  Cyclope,"  &c.,  each  caiTying 
two  mortars  and  complements  of  500  shells. 

The  following  table  gives  the  ranges,  deflections,  &c.,  of  a 
12-inch  French  sea-service  mortar ;  and  to  these  are  added  the 
number  of  shells  in  every  hundred  fired,  which,  in  experiments 
with  different  mortars,  fell  within  rectangular  areas  of  various 
magnitudes. 
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employed  rather  than  howitzers.  When  the  object  is  to  crush 
buildings  or  destroy  shipping,  bomb-shells,  fired  at  considerable 
angles  of  elevation,  should  be  used,  in  order  that  the  momentum 
acquired  in  their  descent  may  be  suflScient  to  penetrate  maga- 
zines or  casemates  down  to  the  foundations,  and,  there  exploding, 
set  fire  to  the  buildings,  and  create  havoc  and  disorder  among 
the  troops ;  or,  should  they  fall  on  ships,  either  pierce  through 
and  sink  them,  or,  by  exploding,  blow  them  up.  Neither  per- 
cussion nor  concussion  shells,-  fired  at  comparatively  small  ele- 
vations, will  serve  this  purpose ;  and  it  may  be  doubted  whether 
any  time-fuzes  can  withstand  the  shock  of  the  charge  which 
must  be  used  in  firing  excentric  shells  (Art.  192)  from  a 
68-poimder  gun,  or  a  10-inch  shell-gun,  to  obtain  a  range  of 
5000  or  6000  yards.  But  it  is  known  that  the  fiize  of  a  13-inch 
shell  will  resist  the  shock  produced  by  the  explosion  of  20  lbs. 
of  powder  in  a  sea-service  mortar,  and  the  fuze  of  a  10-inch  shell 
will  resist  the  shock  produced  by  10  lbs.  of  powder.  The  effect 
of  the  recoil  of  a  10-inch  shell-gun  downwards  on  the  deck  of  a 
steamer,  severely  damages  the  vessel  by  straining  it  in  every 
joint ;  but  no  distress  is  caused  by  the  discharge  of  a  13-inch 
shell  in  a  mortar-ship,  in  which  the  ordnance  is  placed  on  a 
solid  mass  of  material  resting  on  the  bottom  of  the  vessel.* 

201.  For  the  bombardment  of  a  naval  arsenal,  the  13-inch 
mortar  is  a  most  valuable  piece  of  ordnance ;  and,  as  its  trans- 
port by  sea  is  neither  so  difficult  nor  so  costly  as  by  land,  the 
considerations  which  prevent,  or  impede  to  a  great  extent,  the 
employment  of  these,   and  of  10-inch  mortars,  in  the  land- 

■  Tlic  ranges  of  the  13-incli  and  10-inch  sea-service  mortars  differ  very  little 
from  cacli  other,  the  former  being  4200  yards,  and  the  latter  4000  yards,  tlie" 
elevations  in  both  cases  being  45*^.  (Tables  II.  and  III.,  Appendix  B.)  The 
wc'iiJit  of  a  13-inch  mortar  is  101  cwt.,  that  of  a  10-inch  gun  86  cwt.,  and  of 
a  OH-jir.  gnn  95  cwt.  The  weight  of  a  13-inch  shell,  empty,  is  190  lbs.,  and 
tliat  of  its  bursting  powder  6  lbs.  12  oz.;  the  weight  of  a  lO-inch  shell,  empty, 
is  85  lbs.,  and  that  of  its  bursting  powder  2  lbs.  12  oz.  Lastly,  the  weight  of 
an  8-inch  shell,  empty,  is  41  lbs.,  and  that  of  its  bursting  powder  1  lb.  14  oz. 
(*  Artillerist's  Manual').  The  practice  of  these  large  shells,  from  their  com- 
jiariitivcly  small  initial  velocities,  with  respect  to  ran^ije,  time  of  flight,  and 
vc'ltMMty  in  the  curve,  may  be  determined  with  tolerable  ]»recision  from  the 
])aval'()lic  theory.  (See  Art.  49,  Note.)  A  range  of  4000  yards,  or  about 
L'i  niilcs,  is  (juitc  adequate  to  the  lx)mbardment  of  any  arsenal,  with  its 
magazines,  barracks,  dock-yards,  and  basins  :  these  could  scarcely  be  missed 
at  every  discharixe,  and  a  few  13-inch  shells  would  suffice  to  cnish  the 
buildings  and  destroy  the  shipping'. 
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service,  are  not  safBciently  cogent  to  warrant  the  disuse  of  such 
ordnance  in  naval  expeditions.  It  appears  to  the  author  that  a 
large  fleet  fitted  out  specially  for  the  purpose  of  bombardment, 
should  be  provided  with  a  certain  number  of  bomb-sliips.  These 
are  very  inexpensively  fiimished,  draw  little  water,  and  may  be 
towed  to  their  fighting  positions  by  small  steam-tugs :  an  officer 
and  a  few  marine  artillerymen  suffice  for  the  service  of  the 
mortals :  they  are  also  smaU  objects  for  the  enemy  to  fire  at ; 
and,  if  destroyed,  there  is  comparatively  little  loss  in  value,  and 
small  risk  of  life.  Seven  bomb-ships  were  attached  to  tlie  Baltic 
fleet  in  1801,  and,  from  these,  at  the  time  of  forcing  the  passage 
of  the  Sound,  shells  were  thrown  into  Cronenberg  with  consider- 
able effect,  while  the  fleet  sustained  no  injury  wliatever  from 
the  enemy's  guns.  Admiral  Nelson  made  use  of  those  bomb- 
ships  at  the  battle  of  Copenhagen;  and  to  tliis^ bombarding 
power  was  greatly  indebted  in  bringing  those  very  critical 
operations  to  a  successful  termination.  In  the  British  naval 
service,  though  bomb-ships  no  longer  exist,  13-inch  and  10-inch 
sea-service  mortars  are  retained :  from  this  it  appears  that  liori- 
zontal  or  howitzer  shells,  fired  from  the  pivot-guns  of  steam- 
frigates,  are  supposed  to  be  efficient  substitutes  for  mortars  in 
bombardments  of  fortresses  and  naval  arsenals :  but  tliis  is  not 
so ;  and  therefore  to  employ  large  and  costly  steam-ships  in  thia 
way,  is  to  incur  a  risk  of  very  great  loss  in  property  and  life, 
without  the  power  of  accomplishing  the  peculiar  conditions 
required  in  bombardments,  and  which  mortar-shells  can  so 
much  more  eflTectually  fulfil.     (See  the  preceding  article.) 

The  bombardments  by  the  French  of  St.  Juan  d'UUoa,  in 
1838,  and  of  Vera  Cruz,  in  1839,  prove  sufficiently  that  our 
neighbours  have  not  abandoned  the  use  of  sea-service  mortars ; 
and,  from  the  *  Aide  Memoire  Navale,'  we  learn  that  such 
mortars  are  considered  indispensable  for  bombardments.  The 
French  possess  several  mortar-ships  (bombardes),  as  "  I^a  Dore," 
"  L' Acheron,"  "  Le  Vesuve,"  "  Le  Cyclope,"  &c.,  each  carrying 
two  mortars  and  complements  of  500  shells. 

The  following  table  gives  the  ranges,  deflections,  &c.,  of  a 
12-inch  French  sea-service  mortar ;  and  to  these  are  added  the 
number  of  shells  in  every  hundred  fired,  which,  in  experiments 
with  different  mortars,  fell  within  rectangular  areas  of  various 
magnitudes. 
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Tahle  of  Practice  with  a  French  Mortar  of  82  Cent.  (12^  inch),  1840. 

Elevation  42^. 


1 

Ranges. 

Time  of 
Flight. 

Mean  Deviation. 

Charges. 

Ranges. 

Mean  Deviation. 

Charges. 

liongl- 
tudinaL 

Lateral. 

Longi- 
todinal. 

Lateral. 

llw.     OZ. 

1     1.6 

Yard*. 
279 

7.33 

Yda.  ft. 
5       1 

Yda.  ft. 
8       2 

lbs.    ox. 
1  15.7 

Yards. 
545 

Yds. 
9 

ft. 
2 

Yds. 
15 

ft. 
1 

2     3.2 

601 

10.6 

10      3 

16       1 

2    5.8 

654 

12 

0 

17 

1 

3    4.8 

984 

13.5 

16       1 

24      0 

2  10.7 

763 

13 

0 

19 

2 

4    6.4 

1333 

15.8 

21       2 

32      2 

2  15.4 

872 

15 

1 

22 

0 

5    8. 

1651 

17. 85 

27      1 

40       1 

3    5. 

981 

16 

1 

24 

0 

6    9.6 

1924 

19.53 

32      2 

50      0 

3    9.6 

1090 

18 

2 

27 

1 

7  11.2 

2191 

20.65 

38      0 

59      0 

4    0. 

1199 

19 

2 

29 

1 

8  12.8 

2458 

22.55 

43      2 

67      2 

4    5.1 

1308 

20 

2 

31 

2 

9  14.4 

2694 

23.6 

49      0 

75      1 

4  11.2 

1417 

21 

2 

35 

0 

11     0. 

2909 

24.4 

54      1 

84      0 

5    1.1 

1526 

24 

0 

38 

0 

12     1.8 

3113 

25.1 

58      2 

91      2 

5    7.2 

1635 

26 

0 

41 

1 

13    4. 

3271 

25.6 

62      0 

99      0 

5  14.2 

1744 

28 

1 

44 

2 

11     5.3 

3405 

26.15 

65      1 

105      2 

6    5.3 

1853 

30 

2 

48 

0 

15    7. 

3497 

26.6 

68      2 

111      0 

6  12.3 

1962 

32 

2 

51 

1 

16     8.6 

3589 

27.03 

73      0 

116      2 

7    3.4 

2071 

35 

0 

54 

2 

17  10.4 

3671 

27.47 

74      0 

120      0 

7  10.4 

2180 

37 

0 

57 

2 

18  12. 

3744 

27.85 

75      1 

124      1 

8    1.9 

2289 

40 

1 

62 

0 

19  13.6 

3817 

28.22 

76      1 

127      1 

8-  9. 

2898 

42 

1 

65 

1 

20  15.4 

3889 

28.6 

77      1 

129      2 

9    1. 

2507 

44 

2 

68 

2 

2^     1. 

3961 

^8.92 

78      1 

132      0 
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202.  Numerous  guu-boata  were  sent  to  act  Mith  the  naval 
force  in  the  Baltic  sea,  in  1854,  and  no  expedition  intended  to 
act  in  shallow  waters  waa  ever  undertaken  without  being  accom- 
paoied  by  such  craft.  Numerous  gun-boats,  each  armed  with  a 
powerful  gun,  formed  part  of  the  equipment  for  the  naval  force 
Bent  to  Walcherea  in  1809,  and  were  found  extremely  useful, 
on  all  occasions,  in  shallow  inland  waters.  The  day  after  the 
landing  of  the  troops,  a  gallfint  and  efficient  attack  was  made 
by  those  boats  on  the  fort  of  Ter  Veer,  then  invested  on  the 
land  side,  which  ended  in  the  place  being  taken. 

After  the  action  at  Copenhagen,  in  1807,  tlie  Banes  lost 
nearly  all  their  line-of-battle  ships  and  frigates,  but  they  Bfill 
possessed  some  stout  brigs  of  war,  and  a  great  number  of  well- 
armed  gun-boats ;  and  during  the  calms  whicli  frequently  pre- 
vail in  the  Danish  waters,  the  latter  were  particularly  destructive 
to  the  British  cruisers  and  convoys. 

On  the  4th  of  June,  1808,  during  a  calm  in  the  Great  Bolt, 
the  "Tickler"  gun-brig,  commanded   by  Lieutenant  Skinner, 

M  2 
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was  attacked  by  4  Danish  gun-boats,  and  after  a  conflict  of  four 
hours,  in  which  the  commander  was  killed,  she  was  obliged  to 
surrender,  A  few  days  afterwards,  the  bomb- vessel "  Thunderer," 
Captain  Caulfield,  and  the  gun-brig  "Turbulent,"  Lieutenant 
Wood,  with  a  convoy  of  70  vessels,  were  attacked  by  25  Danish 
gun-boats,  when  the  "Turbulent"  was  captured,  with  10  or  12 
of  the  merchant-ships :  and  on  the  2nd  of  August,  the  gun-brig 
"Tigress,"  Lieutenant  Greenswood,  was  taken  by  16  Danish 
gun-vessels.  On  the  25th  of  October,  in  the  same  year,  the 
British  64-gun  ship  "Africa,"  with  a  homeward-bound  convoy  of 
137  sail,  was  attacked  by  a  Danish  flotilla,  consisting  of  25  large 
gun  and  mortar  boats,  and  7  armed  launches ;  nearly  all  the 
convoy  escaped,  but  the  "  Africa "  was  severely  damaged ;  and, 
had  the  daylight  continued  two  hours  longer,  she  must  have 
surrendered  or  sunk.* 

On  the  7th  of  July,  1809,  a  British  squadron  of  4  ships,  under 
Captain  Thomas  Byam  Martin,  while  cruising  off  the  coast  of 
Finland,  discovered  a  Russian  flotilla  of  8  gun-boats,  and  a  fleet 
of  merchant  -  vessels,  at  anchor  imder  Porcoln  Point.  The 
position  which  these  had  taken  was  one  of  extraordinary 
strength,  being  between  two  rocks,  which  served  as  ^covers  to 
their  wings,  and  from  whence  a  destructive  fire  of  grape  could  be 
poured  upon  any  boats  that  should  approach  them.  Notwith- 
standing this,  the  boats  of  the  ships,  17  in  number,  advanced 
close  up  to  the  gun-vessels  without  firing  a  musket^  and,  boarding 
them,  carried  all  before  them:  6  of  the  vessels  were  taken, 
1  sunk,  and  1  escaped ;  12  merchant-vessels  also,  laden  with 
powder  and  provisions  for  the  Bussian  army,  were  taken.  On 
the  25th  of  the  same  month,  17  boats  from  a  British  squadron, 
under  Captain  Dudley  Pater,  attacked  4  Eussian  gun-boats,  and, 
after  a  sanguinary  contest,  succeeded  in  capturing  3  of  them.** 

The  Russians  have  now  in  the  Baltic  numerous  gim-boats, 
which,  keeping  in  cgmparatively  shallow  water,  among  the 
islands,  where  no  large  ship  can  approach  them,  are  ready  at 
every  moment  to  issue  forth  and  seriously  annoy  the  most  for- 
midable fleet  of  line-of-battle  ships  on  the  coast. 


•^  James'  *  Naval  History,'  vol.  v.  pp.  74-76.  *•  Ihid.,  pp.  180-182. 
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PART    III. 

.     ON  ORDNANCE  RE-BORED,  AND  NEWLY  CONSTRUCTED,  FOR 

THE  BRITISH  AND  FOREIGN  NAVIES. 


SECTION   I. — ON  BORED-UP  GUNS. 

203.  The  practice  of  reammg-ovt  guns,  or  boring  them  up, 
first  took  place  in  the  British  service  in  the  year  1830,  when 
about  800  guns,  24-pounder8,  7  feet  6  inches  long,  which  had 
been  made  according  to  the  construction  recommended  by  Sir 
William  Congreve,  and  about  as  many  more  guns,  also  24- 
pounders,  of  Sir  Thomas  Blomefield's  construction,  were  bored 
up  to  32-pounders  for  die  navy.  The  practice  was  afterwards 
extended  to  iron  guns  of  all  natures,  from  the  9-pounder  to 
the  32-poimder  inclusive,  by  enlarging  the  bore  of  each  to  the 
next,  and,  in  some  cases,  to  the  second  higlier  calibre,  and 
leaving  reduced  windages.*  This  may  be  considered  as  a 
temporary  expedient  to  increase  the  weight  of  metal  projected 
from  such  guns  as  were  then  on  hand  in  this  country,  at  a 
time  when  the  advantages  of  large  calibred  ordnance  were 
not  absolutely  decided  on,  and  when  the  Government  was  not 
prepared  to  sanction  the  expense  of  casting  new  guns  for  pro- 
jecting the  heavier  natures  of  shot  or  shells.  But  now  that 
the  vast  advantages  of  heavy  shot  are  well  understood,  and 
that  France,  the  United  States,  and  other  countries  have  de- 
termined on  arming  their  ships  with  new,  long  and  powerful 
ordnance,  the  time  is  come  in  which  the  half  measure,  as  it  may 
be  called,  should  be  abandoned  ;  that  the  bored-up  guns  in  the 
service,  with  such  exceptions  as  will  be  mentioned  presently, 
should  be  superseded,  and  that  good  and  efficient  guns  should  be 

■  The  French,  on  the  recommendation  of  General  Paixlians,  had  previously 
decided  to  bore  up  their  long  guns  to  the  next  greatest  calibre ;  but  all  guns 
so  treated  have  been  sujierseded  in  their  naval  service  by  new  guns  and 
canons-obusiers. 
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provided  of  calibres  equal  to  those  to  which  the  bored-up  guns 
were  enlarged.  By  such  a  measure  only  can  it  be  expected  that 
in  a  future  war  our  ships  should  be  able  to  contend  successfully 
with  those  of  nations  which  have  adopted  in  their  navies  the 
most  approved  natures  of  ordnance. 

204.  The  great  advantage  arising  from  the  reduction  in  the 
windage,  together  with  the  increase  in  the  weight  of  metal 
projected,  procured  immediately  for  the  bored-up  guns  a  certain 
degree  of  consideration,  which,  it  is  to  be  apprehended,  has 
caused  the  imperfections  arising  from  the  diminution  of  the 
quantity  of  metal  in  the  gun  itself  to  be  overlooked.  The 
reduced  windage  indeed  permits,  in  some  respects,  equal  effects 
to  be  produced  with  lower  charges  of  powder  than  were  used 
witli  the  original  gun.  For  instance :  the  old  24-pounder  gim, 
whose  windage  was  .211,  when  bored-up  to  a  32-pounder, 
with  a  windage  equal  to  .123,  and  chained  with  7 J  lbs.  of 
powder,  would,  with  rather  higher  elevations,  propel  its  shot  as 
far  as  the  gun  in  its  original  state  with  its  usual  charge  of  8  lbs. 
The  initial  velocities  would  be  the  same  (about  1600  feet  per 
second),  and  the  force  with  which  the  shot  would  penetrate  into 
any  material  would  be,  at  aU  practicable  distances,  in  favour  of 
the  bored-up  gun.  Again,  if  the  latt.er  were  charged  with  6  J 
lbs.  of  powder,  by  which  an  initial  velocity  equal  to  1490  feet 
per  second  would  be  produced,  it  would  be  found  that  the  force 
of  penetration  is  at  first  greatest  in  the  original  24-pounder  gun, 
with  the  charge  of  8  lbs. ;  at  the  distance  of  about  400  yards 
from  the  object  the  penetrating  forces  become  equal ;  and  at  all 
greater  distances,  the  penetrating  force  of  the  larger  shot  of  the 
borod-up  gun  is  the  greatest.* 

205.  It  is  not,  however,  from  a  comparison  of  the   effects 


■  It  is  to  be  regretted  that,  when  the  old  gxms  were  bored  up  to  a  higher 
calibre,  measures  were  not  taken  to  introduce  uniformity  in  the  quantity  of 
wiiulage,  and  that  great  anomalies  in  this  rcsi)ect  were  allowed  to  subsist. 
Thus  tiie  diameter  of  the  bore  of  the  old  32-|)ounder  weighing  56  cwt.,  and  of 
thos(}  w('i*j;hing  from  48  to  50  cwt.,  is  G.41  inches,  while  Coiigreve's  and 
lilonicfiold's  24-pounders  of  39,  40,  and  41  cwt.,  were  bored  up  (as  32- 
]i()iiTnlors)  to  f>.3o  inches  ;  and  again,  BlomeficUrs  24-pounder  of  32  cwt.  and 
his  18-j)0un(ler  of  25  cwt.  were  bored  up,  as  32-pouuders,  to  0.3  inches.  The 
(;:\libre  o(  .Afr.  Monk's  gim  (A)  is  6.375  inches.  Tims  there  have  been  intro- 
<lured  in  tlie  service  four  different  diameters  of  bores  for  32-pounder  trims, 
coHsccpH'utly  four  different  windages  for  shot  of  equal  diameters. 
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produced  by  the  bored-up  guns  with  those  produced  by  4ho  gun 
in  its  originfid  state,  that  the  relative  values  of  the  former,  and 
of  a  gun  equcd  in  calibre  but  of  more  perfect  construction,  are  to 
be  determined.  The  advantages  with  respect  to  the  power 
of  penetration,  which  appear  to  be  so  much  in  favour  of  the 
bored-up  gun,  are  perhaps  more  than  counterbalanced  by.  the 
defect  arising  from  the  diminution  of  the  weight  of  metal 
in  the  gun,  by  which  its  recoil  is  rendered  considerably  greater 
than  that  of  a  gun  of  equal  calibre  and  of  the  original  forma- 
tion. This  circumstance,  besides  producing  greater  strain  on 
the  carriage,  renders  the  gun  more  unsteady,  and  the  practice, 
in  consequence,  more  uncertain.  If,  in  order  to  diminish  the 
recoil,  smaller  diarges  of  powder  be  employed,  the  pene- 
trating power  of  the  shot  will  bo  diminished  in  a  corresponding 
degree. 

206.  Captain  Simmons,  in  his  *  Discussion  on  the  Present 
Armament  of  the  Navy,'  has  calculated  a  table  (page  18),  in 
which  are  shown  the  relative  penetrating  powers  of  a  24-pounder 
gun,  and  the  same  gun  reamed  out  to  a  32-pounder,  the  charge 
of  the  latter  being  diminished  so  far  that  the  initial  velocities  are 
proportional  to  the  weights  of  the  guns  with  their  carriages; 
when,  consequently,  the  recoils  or  strains  are  rendered  equal  to 
one  another.  In  this  state  the  penetrating  force  of  tlie  bored-up 
gun  falls  even  below  that  of  the  original  24-pounder,  till  the 
distance  of  the  shot  from  the  gun  is  about  3000  yards;  but 
at  such  a  distance  as  this,  the  elevation  of  the  gim  being 
necessarily  high,  the  practice  must  be  extremely  uncertain.  It 
is  thus  of  the  utmost  importance,  as  well  with  respect  to  the 
extent  and  accuracy  of  the  range  as  to  the  penetrating  power  of 
the  shot,  that  a  gun  should  contain  a  certain  mass  of  metal  with 
relation  to  the  weight  of  the  projectile;  a  deficiency  in  that 
mass  causing  the  advantages  of  a  diminished  windage  to  be  in  a 
great  measure  lost;  the  shaking  of  the  piece  before  the  pro- 
jectile quits  it,  particularly  when  high  charges  of  jxDwder  are 
used,  unavoidably  producing  irregularity  in  the  initial  direction 
of  the  shot.  The  perfection  of  a  gun  consists  in  an  union 
of  both  qualities,  steadiness  and  the  least  possible  windage ; 
for  only  by  these  combined  can  it  bo  rendered  capable  of 
throwing  shot  to  the  greatest  distance  within  battle  range,  with 
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the  least  eleyation,  and,  consequently,  ¥rith  the  greatest  amount 
of  useful  effect. 

207.  Since  the  country  now  possesses  a  considerable  number 
of  new  guns  of  large  calibre  and  improved  constructions,  no 
reason  exists  for  retaining  bored-up  guns  as  part  of  the  arma- 
ment of  the  British  navy,  except,  perhaps,  for  brigs  and  other 
small  vessels,  or  for  private  ships  hired  into  the  service.  The 
French  have  no  bored-up  guns  on  the  broadsides  of  their  ships 
of  the  line  or  frigates ;  *  nor  are  there  any  bored-up  guns  in  the 
United  States'  navy,  except  the  8-inch  guns,  which  were  bored- 
up  from  42- pounders.  All  the  guns  retained  in  that  service  are 
either  the  most  efficient  of  the  old  ordnance,  or  certain  others 
whose  use  has  not  yet  been  discontinued.^  A  great  prejudice 
exists  in  the  United  States  against  the  practice  of  boring-up. 


"  The  French  ships  are  anned,  or  are  appointed  to  be  armed,  with  the  fol- 
lowing natures  of  gun,  exclusive  of  canons-obusiers  (the  weights  and  dimen- 
sions are  expressed  in  English  denomiuations): — 36-poanders  (Fr.),  length 
9ft.  7  iiv,  and  weight  69  cwt.,  the  weight  of  the  shot  being  43.21  lbs.;  30- 
pounders  (Fr.),  No.  1,  length  9  ft.  8  in.,  and  weight  59  cwt.;  80-pounders 
([Fr.),  No.  2,  length  8  ft.  6  in.,  and  weight  49  cwt.,  the  weight  of  the  8lK>t 
lur  both  being  84'  lbs.;  and  24  pounders  (Fr.),  length  9  ft.  4  m.,  and  weight 
41)  cwt.,  the  weight  of  the  shot  beine  26  lbs.  10  oz..  The  decree  of  the  27th 
of  July,  1849,  by  which  the  60-pounder  sun,  10  ft.  2  in.  long,  and  weighing 
84  cwt.,  had  beoi  ordered  to  be  introduced  into  the  French  naval  service,  was 
rescinded  by  the  commission  which  drew  up  the  '  Enqudte  Parlementaire ' 
(see  torn.  ii.  p.  405  of  that  work),  and  30-pounder  guns  were  ordered  to  be 
substituted  for  them :  this  was  done  on  the  ground  that^  as  the  weight  of  the 
50-pounder  is  far  greater  thim  that  of  a  ^pounder,  b;^  the  substitution  of 
the  lighter  but  very  efficient  gun,  vessels  may  be  armed  with  a  greater  number 
of  pieces;  and,  from  the  circumstance,  it  is  evident  that  the  commission 
attached  more  importance  to  the  fire  of  the  smaller  ordnance  than  to  that  of 
the  heavier  nature,  which  would,  necessarily,  be  fewer  in  number.  It  appears 
by  the  proceedings  of  tiie  commission  of  Gavro,  1848,  that  three  other  new 
pieces  of  ordnance  have  been  adopted  in  the  French  naval  service.  1st.  A 
canon-obusier  (No.  3)  of  80  (livres) ;  its  charge  for  hollow  shot  lieing  2.5  kil. 
=  5  lbs.  8  oz.,  and  for  solid  shot  2.6  kil.^  5  IW.  12  oz. :  these  are  somewhat 
shorter  than  the  pieces  of  the  same  nature  already  established.  2nd.  A  new 
30-pounder  (Fr.)  gun  (No.  3),  its  chargej  with  solid  shot^  being  3  kil.= 
f)  lbs.  10  oz.  (redu(^  charge  2.5  kil.  =  5  lbs.  8  oz.),  and  for  hollow  sliot,  2  kil. 
=  4  lbs.  6  oz.  The  commission  ascertained  the  ranges  of  a  new  60-ix)under 
gun,  with  solid  shot  and  charges  of  one-third  of  the  shot's  weight:  they  also 
compared  together  the  efiects  produced  by  this  gun,  the  new  SO-poundcr  and 
the  new  30-pounder  guns,  with  respect  to  range,  and  to  the  ravages  made  by 
their  hIioI  in  targets  representing  the  sides  of  ships. 

**  These  are  long  24-]X)unders,  length  9  ft.  4^  in.,  and  weight  50  cwt.,  and 
18-]X)un(lers,  length  8  ft.  and  weight  38  cwt.,  on  board  of  the  "  CoDstellation," 
*'  Ma(M'(l()nia!i,'*  and  other  ships. —  Wardy  p.  36.  It  is  perhaps  to  Ix)  regretted 
(hat  the  lon;^  24-pounder  (length  9  ft.  6  in.,  and  weight  50  cwt.)  should  liave 
bevn  discarded  from  the  British  navy. 


Sect.  I.  ON  ORDNANCE  RE-BORED.  169 

since  a  42-poiiiider  bored-up  to  a  64-pounder,  the  diameter  being 
enlarged  from  7  to  8  inches,  with  a  charge  of  14  lbs.,  burst  on 
board  the  "  Fulton ; "  the  service-charge  was  8  lbs. 

The  long  42-pounder  so  reamed  out,  and  carrying  a  ball  of 
64  Ibs.^  is  said  to  afford,  with  a  charge  of  12  lbs.,  a  better  range 
at  the  second  graze  than  the  gun  in  its  original  state  ( Ward, 
*  United  States'  Navy,'  p.  105) ;  but  at  the  first  graze,  and  at 
elevations  not  exceeding  3  degrees,  the  long  42-pounder  with  a 
charge  of  12  lbs.,  which  the  reamed-out  gun  could  not  sustain,  is 
greatly  superior  to  the  other. 

Since  the  publication  of  Lieutenant  Ward's  Treatise  there 
have  been  introduced,  in  1851,  a  new  shell-gun  8  feet  10  inches 
long,  and  weighing  63  cwt,  and  another  8  feet  4  inches  long, 
weighing  55  cwt.  Besides  these,  in  1850,  a  new  64-pounder 
unchambered  gun  10  feet  8  inches  long,  and  weighing  105 
cwt.,  was  adopted  as  a  pivot-gun  for  vessels  of  all  descrip- 
tions. Thus  has  been  realized  Lieutenant  Ward's  announce- 
ment that  a  gun  possessing,  in  the  highest  degree,  extent 
of  range,  accuracy  of  fire  and  power  of  penetration,  was  being 
prepared  for  purposes  which  essentially  require  those  important 
faculties. 

208.  The  defects  of  bored-up  guns  were  sensibly  experienced 
on  board  the  "Sesostris"  steam-ship,  Captain  Ormsby,  com- 
mander. This  vessel  was  armed  with  32-pounder  guns,  which 
had  been  bored-up  from  24-pounder8;  and  it  was  found  that, 
after  a  few  hours'  firing,  the  breechings  were  destroyed  and  the 
bolts  drawn,  so  that  her  ordnance  became  unserviceable,  even 
with  greatly  reduced  cliarges. 

209.  Bored-up  guns,  besides  being  subject  to  the  defect  just 
mentioned,  are  found  to  be  not  altogether  safe  when  fin^l  with 
two  shot ;  there  are  even  some  of  them  for  which  double-shotting 
was  always  prohibited;  and,  where  the  practice  was  allowffd, 
very  reduced  charges  were  considered  indLS[>ensable.  Tlie 
following  table  shows  the  charges  with  single  shot  for  bored-up 
guns.     No  charges  for  double  shot  are  now  officially  given.* 

All  the  bored-up  guns,  with  single  shot,  have  l^>een  i>rove<l 
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Proof. 

Service 

Nature  of  Onn. 

Charge  in 
Pounds, 

Ouirge 
in  Pounds, 

Shot. 

Wad. 

' 

■iugleHhot 

single  8hoL 

cwt.       cwt 

39  and  40 

12 

G 

1 

32-pounder.. 

32 

10 

5 

1 

25 

9 

4 

1 

22 

7 

3              1 

18-pouQder     ..    ..      20 

7 

3               1 

I  15 

6 

2 

1        1 

1 

with  clmrges  equal  to  about  one-third  of  the  shot's  weight ;  but 
it  has  been  found  that;  after  being  bored-up,  many  of  the  old  24- 
ix)uuders  with  two  shot^  when  fired  with  a  charge  of  11  lbs* 
of  powder,  burst,  after  having  stood,  with  a  single  shot,  a  charge 
of  18  lbs.  In  order  that  such  guns  may  be  considered  safe 
when  double-shotted,  it  is  evident  that  they  should  be  tried, 
so  shotted,  with  quantities  of  powder  considerably  greater  than 
the  reduced  charges  stated  in  the  table.  This  uncertainty 
respecting  the  safety  of  the  bored-up  guns  is  surely  a  strong 
argument  against  them ;  and,  though  it  would  be  much  better  if 
all  were  discarded,  it  is  satisfactory  to  find  that  the  only  bored- 
up  guns  which  are  now  to  be  retained  in  the  Royal  Navy  are  the 
32-pounder8  of  41  cwt.,  40  cwt.,  and  39  cwt,  which  have  been 
so  converted  from  Blomefield's  and  Cohgreve's  24-pounders; 
and  18-ponnders,  which  have  been  bon^d-up  from  9  and  12- 
pounders  for  the  armament  of  small  vessels.  The  32-pounders 
just  mentioned  are  ultimately  to  be  replaced  by  the  32-pounder 
new  gun,  8  feet  long,  and  weighing  42  owt. 


SECTION   II. — ON   MONSTER  GUNS. 

210.  In  1810,  the  French  having  caused  some  large  pieces  of 
ordnance  to  be  cast  at  Seville,  formed  with  them  batteries  at  the 
Trocadero  Point,  from  whence  they  threw  shells  into  Cadiz, 
a  distance  of  more  than  5000  yards.  (Art.  102,  Note.)  In 
order  to  obtain  this  range,  it  was  necessary  to  use  enormous 
cliargcs,  and  to  nearly  fill  the  shells  with  lead.  These  pieces  of 
ordnance  were  the  invention  of  Colonel  Villantroy,  of  the  Frencli 
artill(»ry.  They  wore  a  sort,  of  long  howitzer,  with  trunnions, 
and  wrre  capable  of  being  firoil  at  great  elevations  with  high 
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charges ;  they  also  possessed  great  powers  of  range,  even  at  low 
angles,  with  hollow  shot;  and  it  has  been  said  that  tlie  con- 
struction of  these  howitzers  suggested  to  Colonel  Paixhans  the 
principle  on  which  he  afterwards  formed  liis  canons-obusiers.  It 
.is,  however,  a  remarkable  circumstance  that  the  Emperor  Napo- 
leon L  was,  in  fact,  the  originator  of  both  natures  of  ordnance ; 
since,  in  addressing  the  Ministre  de  la  Marine,  Dccres  (1807), 
he  writes  to  the  following  effect : — "  I  desire  that  you  will  cause 
to  be  oast  for  trial,  in  the  foundry  at  Douay,  a  gim  which  may 
project  shells  of  8  inches  diameter.  Provide  also  some  solid 
shot  of  78  lbs.  to  be  used  with  those  pieces,  and  try  the  ranges 
and  effects  which  may  be  obtained.  Cause  also  to  be  cast 
shells  and  hollow  shot  of  48  lbs.,  and  let  them  be  trieil.  Such 
4)rojectiles,  fired  from  batteries  of  twenty  pieces  of  the  above 
description,  should  produce  great  effects."  * 

At  the  siege  of  the  citadel  of  Antweii),  in  1832,  the  French 
used  a  mortar  whose  caKbre  was  24  inches,  and  weight  nearly 
7  tons,  and  it  projected  a  shell  which,  with  its  bursting-charge 
(=  99  lbs.),  weighed  1015  lbs.  The  effect,  however,  was  not  so 
great  as  was  anticipated,  and  the  mortar  afterwards  burst  while 
being  fired. 

211.  In  the  years  1842  and  1843  there  were  cast  in  England, 
for  tlie  Pacha  of  Egypt,  three  large  pieces  of  ordnance,  of  which 
one  was  a  simple  gun,  without  chamber,  12  feet  long,  having  a 
calibre  of  10  inches  (windage  .16  inch),  and  weighing  11  tons; 
this  was  intended  to  project  solid  shot,  each  weighing  128  lbs., 
or  shells,  each  weighing  82  lbs.  The  set^ond  was  a  howitzer-gun 
13  feet  long,  having  a  calibre  of  15.3  inches  (wiiidago  .2  inch), 
with  a  chamber  on  Paixhans'  principle,  and  weighing  18  tons ; 
it  threw  solid  shot,  each  weighing  460  lbs.,  or  shells,  each 
weighing  326  lbs.  The  third  was  a  mortar,  having  a  calibre  of 
20  inches  (windage  .2  inch),  and  weigliing  13  tons ;  its  chamber 
was  conical,  and  similar  to  thosi^  of  the  British  sea-service 
mortars;  it  threw  a  solid  shot  weighing  1030  lbs.,  or  a  shell 
weighing  658  lbs. 

The  Pacha's  130-pounder  gun  was  fired  at  Deal,  in  July, 
1842,  from  a  carriage  similar  to  those  which  are  used  on  board 
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the  British  steam-vessels,  with  charges  equal  to  26  lbs.  (con- 
sidered as  the  established  charge),  29  lbs.,  and  32  lbs.  of  powder ; 
but  as  very  little  additional  extent  of  range  was  obtained  when 
the  higher  charges  were  employed,  those  only  which  resulted 
from  the  charge  of  26  lbs.  are  given  in  the  subjoined  tabic. 
The  other  ranges  in  the  table  are  results  of  computation, 
with  the  chai'ges  there  stated,  which  are  such  as  are  supposed  to 
be  employed  on  service.  In  all  the  ranges  the  height  of  the 
gun  above  the  plane  on  which  the  shot  is  supposed  to  fall  is 
16  feet; — 


• 

Weight  of 

Shot  or  Shell 

in  Pounds. 

Chaise 

in 
Ponnda. 

Elevations. 

Description  of 
Ordnance. 

PoinU 
blanic 

6« 

10*» 

W 

20<' 

Bangcs  in  Yards. 

Pacha's  130-poundor 

Pacha*8  15-inch  gun 

Pacha's     20-inch 
mortar 

United  States'  gun 

French  mortar 

/Shot,     128 
\SheU»     82 
( Shot,     460 
t  Shell,    326 
(Shot,  1030 
tSheU,    658 
J  Shot,     213 
\  Shell,    152 
Shell,  1015 

26 
16 
45 
45 
45 
45 
30 
30 
30 

558 
420 
333 
367 

•  • 

360 

400 

•  ■ 

2151 

1767 

1235 

1553 

700 

907 

1617 

1858 

400 

3253 
2532 
2130 
2534 
1035 
1716 
2600 
2759 
834 

4040 
3130 
2810 
3110 
1693 
2078 
3267 
3370 
1033 

4669 
3440 
3370 
3500 
1970 
2479 
3730 
3924 
1317 

On  comparing  th6  above  ranges  with  those  which  were 
obtained  in  the  practice  on  board  the  "  Excellent,"  (Table  V., 
Appendix  D.),  it  will  readily  be  seen  that  little  or  no  advan- 
tage would  be  gained,  in  this  respect,  by  the  employment  of  such 
unwieldy  pieces  over  the  more  manageable  ordnance  in  use  in 
the  British  service. 

0 

212.  In  the  year  1845  there  was  forged  at  Liverpool,  for  the 
United  States'  steam  frigate  "  Princeton,"  a  gun,  having  a  bore 
13  feet  long,  with  12  inches  calibre  (windage  .25  inch)  ;  the  gun 
weighed  about  7J  tons,  and  it  was  intended  to  project  from 
it  solid  shot  weighing  213  lbs.,  or  shells  weighing  152  lbs.  The 
gun  is  without  a  chamber ;  and  a  remarkable  circumstance  is, 
that  the  shot  is  to  be  enveloped  in  felt,  in  order  to  prevent  the 
abrasion  of  the  bore ;  this  expedient  appears  to  have  been 
advantageously  adopted  with  other  guns  of  ronsi(l(Table  inagni- 
lude  in  the  service  of  the  United  States,  windage  being  allowed 
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accordingly.  It  is  said  that  tliis  gun  was  intended  to  replace 
tliat  which,  some  time  before,  had  burst  on  board  the  same  vessel ; 
by  which  accident  several  persons,  among  otliers  the  Secretary 
of  State,  lost  their  lives.  The  last  mentioned  is  said  to  have 
been  made  of  wrought  iron,  not  forged  in  the  solid  and  then 
bored,  but  formed  by  welding  together  bars  of  wrought  iron  and 
fortifying  them  with  strong  hoops  of  that  material. 

213.  In  1856  a  gun  of  wrought  iron  15  feet  10  indies  long,  and 
13.U5  inches  in  diameter  of  bore,  was  executed  by  the  Slersey 
Iron  Company,  and  submitted  to  the  Government  for  the  pur- 
pose of  having  a  trial  made  of  its  powers.  Its  form  is  nearly 
that  of  a  frustum  of  a  cone,  and  it  is  strongly  reinforced ;  the 
diameter  at  the  base  ring  being  3  feet  7  J  inches,  at  the  trunnions 
3  feet  3f  inches,  and  at  the  muzzle  2  feet  3J  inches.  It  is 
intended  to  fire  a  solid  spherical  shot  weighing  280  lbs.,  and 
the  windage  is  .2  inch.  The  weight  of  the  gun  is  21  tons 
17 J  cwt.,  and  of  the  carriage  7  tons  IJ  cwt. 

In  November,  the  same  year,  this  gun  was  experimented  on, 
in  presence,  of  H.E.H.  the  IJuke  of  Cambridge  and  a  select  com- 
mittee of  tlie  Ordnance,  who  were  appointed  to  witness  and 
make  a  report  of  the  results.  On  this  occasion  ten  rounds  were 
fired  in  each  of  the  different  positions  of  the  gun,  with  charges 
of  50  lbs.  of  powder  ;  and  the  following  table  contains  the  means 
of  the  several  ranges  obtained,  with  those  of  the  deflcctiims  at 
each  angle  of  elevation : — 


Bange  in  Yards. 

Elevation. 

First  Graze.       Extreme. 

e 

OorP.  B 

1         

3         

5         

7         

10         

12         

15         

18         

599 
1023 
1800 
2433 
2988 
3523 
3883 
4497 
4990 

53 IG 
4540 
3957 
3592 
JU18 
3523 
3883 
4497 
4990 

IK-flectlun  in  Yards. 


First  Graze.  ,'    Extreme. 


2 

24 
0 

7 

10 

3U 
34 

09 

98 


37 

33 

25 

19^ 

11 

314 

34 

09 

98 


The  vent  having  become  enlarged,  the  gun  was  bouched  after 
the  70th  round  ;  and  on  comparing  the  ranges  of  the  shot  with 
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those  obtained  from  a  68-pounder  gun  (95  cwt.),  smooth  bore, 
and  with  a  Lancaster's  68-pounder  (95  cwt.),  it  appeared  that 
they  were  always  greater  than  the  ranges  given  by  the  first  of 
these  two  kinds  of  gun,  and  greater  than  those  obtained  from 
the  other,  up  to  5  degrees  of  elevation ;  beyond  this  the  Lan- 
caster gun  ranged  farthest;  and  at  18°,  the  range  of  this  last 
was  5300  yards. 

When  the  new  gun  was  received  from  the  Company  it  was 
found  that  there  had  existed  in  it  two  flaws  near  the  bottom  of 
the  bore  ;  one  of  these  had  been  bored  out,  and  the  cavity  filled 
with  a  plug  of  iron  8  inches  diameter  and  4  inches  deep ;  the 
other,  which  was  2J  inches  long  and  J  inch  deep,  remained. 
After  the  termination  of  the  firing  the  flaws  appeared  to 
have  undergone  no  change  ;  but  there  was  found  to  be  a  crack 
in  the  bore  extending  from  the  plug  to  a  distance  of  about  3 
inches. 

The  author  cannot  help  expressing  his  conviction  that  such 
immense  pieces  of  ordnance  are  quite  inapplicable  either  for  sea 
or  land  service.  Could  a  gun  capable  of  dischargyig  shot  of 
68  lbs.  be  reduced  in  weight  from  95  cwt.  to  about  60  cwt.,  it 
would  be  of  great  practical  utility.* 

214.  The  enormous  engine  intended  for  destruction,  which 
was  lately  executed  by  Mr.  Mallet,  under  the  patronage  of  Lord 
Palmerston,  is  a  vast  mortar,  consisting  at  the  lower  end  of  a 
solid  cast-iron  breech,  abutting  on  which  is  a  series  of  wrought 
iron  hoops  following  each  other  in  succession  up  to  the  muzzle ; 
these  are  inserted  into  each  other  by  rebates,  and  are  firmly 
secured  by  six  iron  staves,  at  equal  intervals  about  its  surface,  ex- 
tending longitudinally  the  whole  length  of  the  mortar.  The  lower 
extremities  of  these  enter  into  the  base-ring,  and  the  upper  ex- 
tremities pass  through  openings  in  the  muzzle-ring,  beyond 
wliich  tliey  terminate  in  large  rivet-wads.  The  rings  are  firmly 
bound  together  by  means  of  wedges,  which  are  driven  through 
the  lower  ends  of  the  staves,  beneath  the  projections  of  the  cast- 
iron  breech,  and  serve  to  tighten,  when  required,  the  whole 
system  of  rings  or  hoops.     The  total  weight  of  the  mortar  is 
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50  tons  13J  cwt. ;  the  diameter  .of  the  shell  wlik-h  it  is  to  dia- 
charge  is  3  feet,  mul  its  weight,  when  unflUeLl,  is  2(iJ  cwt.  The 
diagram  below  represents  the  mortar,  on  its  cast-iron  bod,  resting 
on  an  inclined  plane  of  timber.  The  sliell  is  raised  np  to  th© 
muzzle  of  tlie  mortar,  and  lowered  down  to  the  chamber  (of  the 
Gomer  pattern),  by  a  strong  tackle  which  is  suspended  from 
Bheers ;  and  the  same  apparatus  is  employed  to  give  the  mortar 
the  required  elevation. 


Experiments  which  have  been  made  with  the  mortar  at  Wool- 
wich show  that  there  is  a  tendency  to  separation  between  the 
tnuinioua  and  the  cascable ;  the  expansive  foree  of  the  powder, 
acting  on  the  breech,  causes  the  latter  to  yield  and  press  upon 
the  part  behind  the  trunnions ;  the  staves  are  then  strained,  and, 
after  a  few  firings,  become  elongated ;  then  openings  between 
the  hoops  take  place,  and  it  becomes  necessary  to  suspend  the 
liring  in  order  to  avoid  the  dangerous  consequences  which  would 
ensue.  The  mortar  is  said  to  have  cost  8000^.,  and  tlie  results  of 
the  experiments  ore  such  as  to  leave  no  reason  to  think  that  it 
can  ever  be  employed  on  service. 

215.  As  there  is  now  some  probability  that  wrought  iron  will 
hereafter  bo  much  used  in  the  manufacture  of  artillery,  it  may 
be  of  some  importance  here  to  notice  the  manner  in  which  it  ia 
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produced  from  the  ore,  with  the  latest  improvements  which 
have  been  adopted  for  purifying  it. 

It  is  well  known  that  wrought  iron  of  the  purest  quality  is 
imported  largely  into  Great  Britain  from  Bussia  and  Sweden; 
and  in  those  countries  charcoal  fix)m  wood  is  employed  in  smelt- 
ing and  working  the  iron.  This  material  is  too  scarce  to  be 
used  here,  and  in  the  British  manufactories  coke  is  used  for 
those  purposes.  But  coke  contains  many  extraneous  substances 
which  become  absorbed  in  the  molten  iron,  and  thus  make  it 
necessary  to  employ  artificial  means  to  render  the  iron  suflSci- 
ently  pure  to  become  malleable.  It  is  in  the  latter  part  of  the 
process  that  Messrs.  Nasmyth  of  Manchester,  and  Bessemer  of 
Birmingham,  have  made  the  improvements  alluded  to. 

To  imderstand  this  subject  it  may  be  necessary  to  observe 
that  the  iron  ore  is  first  roasted,  that  is,  burned  in  mass  with 
coal,  so  that  the  carbonic  acid  and  water  of  the  mineral  are 
driven  off,  leaving  only  the  oxygen  and  earthy  matters  in  com- 
bination with  the  metal*;  the  latter  is  then  reduced  by  being 
heated  with  coke  and  lime,  by  which  these  impurities  are  in 
some  measure  removed,  and  the  melted  metal  is  afterwards 
drawn  off  into  moulds.  This  is  the  pig  iron,  or  the  cast  iron,  of 
commerce :  it  is  far  from  being  pure,  containing  at  least  5  per 
cent,  of  foreign  substances, — as  carbon,  phosphorus,  sulphur, 
silicon,  &c. ;  and  the  conversion  of  cast  iron  into  malleable  iron 
is  effected  by  the  further  relmoval  of  these  impurities. 

This  is  done,  usually,  by  exposing  the  melted  iron,  in  contact 
with  the  atmosphere,  to  a  strong  heat,  by  which  a  large  portion 
of  the  carbon  is  carried  off,  while  the  silicon  combines  with  the 
oxide  of  the  iron,  and  constitutes  the  slag;  the  metal  next 
undergoes  the  laborious  process  of  being  pvddledy  which  consists 
in  fusing  it  on  the  bed  of  a  furnace  and  stirring  it  about  with  an 
iron  bar,  so  as  to  expose  every  part  of  it  to  the  action  of  the  air, 
by  wliich  the  oxygen  is  absorbed,  and  the  carbonic  oxide  escapes 
in  bubbles.  The  slag  is  at  first  incorporated  with  the  metal,  and 
contributes  to  the  removal  of  the  impurities ;  after  which  it  is 
separated  from  the  iron  by  powerful  compression  and  kneading 
between  rollers.  It  is  in  this  removal  of  the  ox3'^gen  and  the 
carbonic  oxide  that  the  improvements  of  Messrs.  Nasmyth  and 
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Bessemer  consist.  The  former  causes  to  be  passed  through  the 
molten  mass  blasts  of  highly-heated,  or  dry  steam,  and  the  latter 
gains  the  end  by  passing  strong  blasts  of  air,  which  blow  the 
metal  into  the  state  of  a  sponge,  and  thus  permit  the  impurities 
to  be  carried  off.  In  both  processes  a  great  part  of  the  manual 
labour  hitherto  employed  in  the  operation  of  puddling  is  dis- 
pensed with. 

The  malleable  iron  thus  obtained  is  fit  for  all  the  purposes 
required  in  the  arts :  iron  perfectly  pure  is  never  seen  except  in 
the  laboratory  of  a  chemist  Steel  is  iron  combined  with  a  small 
proportion  of  carbon ;  and  that  of  the  East  has  always  been 
highly  valued  for  the  manufacture  of  cutlery  and  weapons  of 
war — a  circumstance  due  to  the  purity  of  the  iron-ore  in  those 
regions,  and  to  the  use  of  charcoal  in  converting  it  into  metal. 

SECTION  III. — ^NEW  GUNS   FOR  SOLID  SHOT. 

216.  It  has  been  observed  (Art  135),  that  Sir  William 
Congreve  was  the  first  who  proposed  to  diminish  the  quantity  of 
metal  in  the  chase  of  a  gun  and  increase  the  quantity  about  the 
seat  of  the  charge,  in  order  to  gain  a  greater  degree  o£  strength 
without  increasing  the  weight  of  the  gun.  The  pieces  of  ord- 
nance constructed  by  that  ofiScer  were  24-pounders,  7^  feet  long, 
and  weighing  from  40  to  42  cwt. ;  and  a  certain  number  of  these 
constituted  the  armament  of  the  "  Eurotas  "  frigate  at  the  time 
she  engaged  the  French  frigate  "  Clorinde,"  wliich  was  equipped 
with  long  18-pounders.*  These  experimental  guns  certainly  did 
not  do  so  much  execution  in  proportion  to  the  duration  of  tlie 
action  (nearly  two  hours)  as  had  been  done  on  many  other 
occasions  by  an  equal  number  of  long  18-pounders,  or  in  pro- 
portion to  what  she,  the  "  Eurotas,"  suffered  from  the  fire  of 
the  "  Clorinde."  This,  perhaps,  was  owing  in  part  to  deficiency 
in  the  gunnery  of  the  British  frigate,  but  the  main  defect  was  in 
the  short  24-pounder  guns,  which,  however  tliey  may  have  suc- 
ceeded in  the  experiments  at  Sheemess  (when  they  hounded  but 
a  little  more  than  the  long  24-pounder  against  which  they  were 
tried),  acted  most  violently  on  their  carriages  when  heated  with 
continued  firing  in  that  protracted   action.     This  is   ascribed 

"  James'  *  Naval  History,'  vol.  vi.  pp.  272, 273. 
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partly  to  the  greatness  of  the  windage,  partly  to  the  charge 
(one-third  of  the  weight  of  the  shot)  being  too  high,  and  again, 
to  the  diminution  of  the  preponderance  of  the  breech  by  the 
trunnions  being  placed  so  far  back. 

217.  General  Sir  Thomas  Blomefield,  about  the  same  time, 
procured  to  be  executed  a  considerable  number  of  24-pounder 
guns  on  nearly  the  same  principle ;  but  as  neither  of  these 
kinds  of  ordnance  were  considered  as  having  succeeded,  others 
were  cast  upon  a  principle  which  was  brought  forward  by  Mr. 
Monk  in  1838.  That  principle  consists  in  maintaining  the  pro- 
portion which  the  weight  of  metal  in  a  gun  should  bear  to  that 
of  the  shot  *  (about  1 J  cwt  in  the  gun  to  each  pound  in  the 
weight  of  the  shot)  ;  at  the  same  time  increasing  the  thickness 
of  metal  round  the  cylinder  of  the  charge,  and  diminishing  it  in 
the  chase. 

Mr.  Slonk's  proposition  having  been  approved,  he  first  applied 
his  method  in  the  constructicm  of  a  56-pounder,  11  feet  long, 
and  weigliing  97  cwt.  (T?able  VI.,  Appendix  B.)  ;  and  in  this 
he  so  far  reduced  the  thickness  of  metal  in  the  chase,  that  he 
was  ablg  to  appropriate  an  additional  quantity,  amounting  to 
about  10  cwt.,  in  the  part  immediately  surrounding  the  cylinder 
of  charge  ;  thus  he  considerably  increased  the  thickness  of  the 
gun  to  a  certain  distance  in  front  of  the  load,  and  formed  a 
piece  of  ordnance  much  stronger  in  the  part  where  strength  is 
most  required,  and  yet  lighter  than  any  other  iron  gun  of  the 
same  calibre  before  made.  The  windf^e  in  this  gun  was  re- 
duced from  .235  inch,  or  about  -^  of  the  diameter,  to  .175 
inch,  or  about  ^  of  the  diameter. 

At  that  time,  1838,  the  heaviest  solid-shot  gim  in  the  naval 
senice  was  the  33-pounder,  9  feet  6  inches  long,  and  weighing 
56  cwt.,  the  42-pounder  having  been  discarded,  and  not  yet 
replaced  by  one  of  improved  construction  (see  Art.  222) ;  but 
shell-guns  of  large  calibre  for  hollow  shot  and  shells,  had  then 
recently  been  introduced  for  the  armament  of  steamers.'* 
Whether  Mr.  Monk  designed  his  56-pounder  gun  as  a  rival  to 
the  8-iiicli  shell-gun  or  not,  does  not  appear ;  but  tliat  his  guns, 

*  As  in  the  32-poiindcr  gun  for  general  service. 

^  In  1824  the  10-inch  grm ;  in  1825  the  8-inch  gun,  weighing  50  cwt.; 
and  in  1838  the  8-inch  gim  of  65  cwt. 


Sect.  in.  NEW  GUNS  FOR  SOLID  SHOT.  179 

and  some  others  of  large  calibre  (the  68.-poimder  of  95  cw-t),  do 
enter  into  very  fayonrable  competition  with  the  shell-guns,  and 
prove  themselves  to  be  more  efficient  in  distant  firing,  and 
therefore  preferable  for  the  bow  guns  of  steamers,  is  a  truth 
which  forces  itself  upon  our  serious  consideration,  and  to  this 
subject  we  shall  accordingly  apply  ourselves  hereafter.  His 
immediate  object  in  bringing  forward  his  56-pounder  of  97  cwt. 
was  to  obtain  by  it  more  efficient  and  accurate  practice  at  great 
ranges  for  general  service,  but  more  particularly  for  coast  de- 
fences, in  which  artillery  having  the  greatest  powers  of  range 
seaward  is  of  the  utmost  importance.  But  it  appears  by  Table 
VL  that  the  56-pounders  of  87  cwt.  and  97  cwt.  have  now 
become  obsolete  in  the  naval  service,  and  the  68-pounders  of 
95  cwt.  generally  adopted  as  pivot  guns. 

218.  From  experiments  made  with  the  56-poimder  gun  at 
Deal,  in  1839,  with  charges  of  16  lbs.  and  17  lbs.  of  powder,  at 
different  elevations,  it  was  proved  that  at  an  elevation  of  32 
degrees,  with  a  charge  of  16  lbs.,  its  shot  ranged  to  the  distance 
of  5720  yards ;  exceeding  the  range  of  a  32-pounder,  with  a 
charge  of  12  lbs.,  at  nearly  the  same  elevation,  by  860  yards. 
Experience  showed  that  the  16  lb.  charges  gave  ranges,  with 
solid  shot,  as  long  as,  if  not  longer  than  charges  of  17  lbs. ;  and 
16  lbs.  of  powder  were  consequently  adopted  as  the  maximum 
charge  for  such  guns. 

A  heavy  42-pounder,  whose  weight  (80|  cwt)  was  216  times 
the  weight  of  its  shot,  was  compared  with  the  56-pounder,  whose 
weight  (90^  cwt.)  was  236  times  that  of  its  shot,  at  an  elevation 
of  15  degrees,  the  greatest  which  could  be  given  to  the  42- 
pounder;  and  likewise  with  the  10-inch  gun  of  85  cwt.,  with 
hollow  shot>  when  the  following  ranges  were  obtained : — 

The  66-pounder 4087  yards. 

The  42-pounder 3782 

The  10-inch  gun        ..     3546 


99 
99 


The  trials  between  the  56  and  32  poimders  were  continued  up 
to  an  elevation  of  33  degrees,  when,  at  the  sixtieth  round,  the 
32-pounder  burst 

A  68-pounder  of  110  cwt.  was  then  prepared,  and  afterwards 

N  2 
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one  of  112  cwt.  The  former  was  tried  with  a  charge  of  18  lbs. 
(^.Vt  ^^  ^^®  weight  of  the  shot),  and  the  latter  with  one  of  20  lbs. 
(^\  of  the  weight  of  the  shot),  both  of  them  with  solid  shot : 
but  their  ranges  were  not  superior,  if  equal,  to  those  of  the 
56-pounder,  with  a  charge  of  16  lbs.,  or  ^^  of  the  weight  of  the 
shot.  One  of  the  most  valuable  guns  in  the  service  is  the 
68-pounder  which  has  been  constructed  by  Colonel  Dundas :  its 
length  is  10  feet,  and  it  weighs  95  cwt.  Its  greatest  service- 
charge  is  16  lbs.,  and  its  proof  charge  25  lbs.  (See  fig.  12, 
plate  II.) 

219.  It  had  been  intended  to  bore-up  all  the  6-feet  and 
9-feet  24-pounders  to  32-pounders,  but,  in  the  trials  made  with 
several,  they  failed,  partly  through  a  diminution  of  the  windage 
from  .21  inch  to  .15  inch,  and  partly  from  the  increase  in  the 
weight  of  the  shot ;  on  which  accounts,  though  the  diminution 
of  the  weight  of  metal  was  inconsiderable  in  itself,  the  strength 
of  the  guns  was  so  much  reduced  that  they  could  not  resist 
the  charges;  it  therefore  became  necessary  to  provide  new 
32-pounders,  medium  guns,  as  they  were  called,  in  order  to 
complete  the  gradation  to  the  old  standard,  the  32-pounder 
of  56  cwt.,  and  9  feet  6  inches  long. 

Mr.  Monk  accordingly  applied  his  method  in  the  construction 
of  the  new  32-pounder  of  50  cwt.,  9  feet  long  ;  and  he  produced 
the  excellent  gun  marked  A  (Table  V.,  Appendix  B.,  see 
fig.  13,  plate  n.) ;  though  no  heavier  than  the  old  24-pounder, 
9  feet  6  inches  long,  it  is  thicker  in  the  cylinder  of  charge  than 
the  32-pounder,  weighing  56  cwt.,  and  its  shot  ranges  very 
nearly  as  far  with  8  lbs.  of  powder  as  the  shot  from  the  old  long 
32-pounder  ranges  with  its  charge  of  10  lbs.,  though  the  gun  is 
shorter  by  6  inches.  This  very  eflScient  gun  has  now  generally 
superseded  the  old  24-pounders  of  50  and  48  cwt.,  in  the  naval 
service. 

Mr.  Monk  next  applied  his  method,  with  some  modifications, 
to  the  construction  of  the  32-pounders,  8  feet  6  inches  and  8  feet 
long,  marked  B  and  C  (Table  V.,  Appendix  B.).  Of  these, 
with  the  guns  marked  A,  no  less  than  4279  have  been  proved 
without  a  single  failure,  although  the  proofs  to  which  they  were 
subjected  were  more  severe  than  those  applied  to  the  old  guns, 
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from  the  windage  being  less,  and  the  charges  more  by  2  lbs. 
.  than  double  the  full  service-charge.  All  these  guns  now  enter 
largely  into  the  armament  of  the  British  navy,  and,  though  not 
superior  in  range  either  to  the  18  or  24  pounders  (old  guns)  of 
equal  weight  and  with  equal  charges,  they  have  great  advan- 
tages over  these  from  the  superior  magnitude  and  momentum 
of  their  shot. 

In  Table  V.,  Appendix  B.,  will  be  found  the  ranges  obtained 
from  the  new  32-pounder  guns  A,  B,  and  C.  The  windage  of 
these  guns  is  .175  inch ;  but,  on  introducing  them  into  the  Navy, 
that  of  the  9  feet  gun  was  increased  to  .2  inch,  and  of  the  8  feet 
gun  to  .198  inch.* 

220.  Table  XIV.,  Appendix  B.,  exhibits  a  comparative  view 
of  the  ranges  of  French  guns  of  30  (livres),  long  and  short,  with 
those  of  English  32-pounder  guns.  The  ranges  of  the  French 
guns  are  obttuned  by  interpolations  from  the  general  table 
founded  on  the  experiments  made  at  Gavre,  between  1830  and 
1840 ;  while  those  of  the  English  guns  are  obtained  from  the 
tables  of  experiments  carried  on  in  the  year  1838  on  board 
the  **  Excellent ;"  and,  from  the  comparison,  the  following  im- 
portant circumstances  are  deduced.  • 

With  charges  of  10  lbs.,  and  elevations  not  exceeding  8 
degrees,  the  ranges  of  the  English  gun  are  superior  to  those  of 
the  French  gun,  though  the  windage  of  the  former  is  rather 
greater  than  that  of  the  latter;  but  the  dififerences  are  the 
greatest  between  the  elevation  of  1°  and  6°.  With  charges  of 
7  lbs.  and  6  lbs.,  the  English  gun  maintained  its  superiority,  in 


•  Mr.  Daniel  Treadwell,  of  the  United  States,  executed,  for  experiment 
merely,  in  1844,  four  32-pounder  sea-service  guns  on  a  new  construction  :  they 
consist  of  a  number  of  rings  or  hollow  cylinders  one  within  another ;  the 
interior  part  of  each  ring,  equal  to  about  one-third  of  the  thickness  of  the 
ring,  was  of  steel,  and  the  exterior  part  of  iron ;  these  parts,  as  well  as  the 
different  rings,  were  welded  together,  and  compressed  by  a  hydrostatic  machine, 
which  is  said  to  exert  a  power  of  1000  tons,  so  that  the  pores  of  the  metal  are 
closed  and  the  metal  itself  condensed  to  a  degree  not  to  be  attained  by  ham- 
mering ;  the  whole  was  then  fonned  into  a  gun  by  turning  and  boring. 

The  bores  are  5  ft.  10  in.  long,  and  the  weij^t  of  each  gun  is  less  than 
1900  lbs.  One  of  the  guns  bore  a  succession  of  charges  commencing  with 
8  lbs.  of  i)Owder  and  one  shot,  and  ending  with  12  lbs.  of  powder,  5  shot,  and 
3  wads. 

The  evil  attending  the  employment  of  these  gims  would  be  the  greatness  of 
the  recoil.  The  inventor  contrived  a  means  by  which  he  conceived  it  might 
be  checked ;  but  it  is  doubtful  whether  it  would  effectually  serve  the  pur^jose. 
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respect  of  range,  at  all  tbe  elevations  up  to  9° ;  the  differences 
being  tbe  greatest  when  the  elevation  was  less  than  7*.  But  it 
is  a  remarkable  anomaly,  that,  when  the  charges  were  8  lbs.  and 
the  elevations  more  than  4'',  the  ranges  of  the  English  gun  were 
considerably  less  than  those  of  the  French  gun.  It  may  be 
remarked,  in  addition,  that,  conformably  to  theory,  the  ranges 
of  a  long  gun  almost  always  exceed  those  of  one  which  is  shorter. 
Table  XV.,  Appendix  B.,  contains  an  abstract  of  some 
experiments  nxade  with  different  canons-obusiers  of  80  (livres), 
as  well  as  with  French  36-pounder  and  50-pounder  guns ;  and, 
on  comparing  the  ranges  of  these  last  guns  with  those  of  the 
English  32-pounders  in  Table  V.,  Appendix  B.,  it  appears 
tliat  the  ranges  of  the  latter,  with  a  charge  of  10  lbs.,  and  even 
of  8  lbs.,  always  exceed  those  of  the  French  36-pounder  with 
a  charge  of  13  lbs. ;  and,  up  to  an  elevation  of  4°,  the  English 
32-pounder  of  56  cwt.,  and  a  charge  of  10  lbs.,  gives  ranges 
exceeding  those  of  the  French  50-pounder  gun,  with  its  charge 
of  17  lbs.  10  oz. 

221.  Tliroughout  the  wars  previous  to  that  of  1854-6,  the 
42-pounder  gun  had  formed  the  armament  for  the  lower-decks 
of  some  of  our  line^jf-battle  ships,  and  the  regulation  to  that 
effect  continued  in  force  till  1839,  when  the  32-pounder  of 
50  cwt.  (one  of  Monk's  guns)  was  substituted  for  it.#  Now, 
neither  in  the  French  nor  the  Eussian  navy  has  the  42-pounder 
nor  the  36-pounder  been  discarded;  and,  by  a  decree  of  the 
I'rench  Government  in  May,  1838,  no  less  than  one  thousand 
eight  hundred  and  sixty-eight  36-pounder  guns  have  been  cast 
for  the  lower-decks  of  the  ships  of  the  line  built  previously  to 
1834  ;*  while,  in  the  United  States'  Navy,  not  only  have  the 
24-pounder  guns  been  retained,  but  the  42-pounders,  9  feet 
long,  and  weighing  70  cwt.,  are  mounted  on  the  lower-decks  of 
ships  of  the  line. 

222,  Three  42-pounders,  each  of  67  cwt.,  were  constructed 


"  The  Navy  of  France  consisted  in  1852  of: — ships  of  the  line,  27  afloat, 
of  which  11  are  now  fitted  with  screw  propellers,  and  23  building  ;  frigates, 
,3S  alloat  and  20  buildinj^ ;  corvettes,  34  afloat  and  o  building ;  and  a  vast 
nunibor  of  smaller  vessels,  exclusive  of  an  extensive  force  in  steam-ships. — 
*  L'Knqiietc  Parleraentaire,'  vol.  i.  p.  415.  An  accurate  account  of  the 
French  Navy,  with  the  armament  of  the  ships  will  be  given  on  a  future 
occasion.  • 
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in  1846  for  the  naval  service,  and  tried,  first  at  Portsmouth  to 
ascertain  their  ranges,  and  then  at  AVoolwich  to  prove  a  outrance 
their  strength.  One  of  Ihese  guns  was  constructed  by  Colonel 
Dundas^  another  by  Mr.  Monk,  and  the  third  is  intermediate 
between  the  two  others. 

In  March,  1846,  the  three  guns  were  received  on  board  the 
"  Excellent "  for  the  purpose  of  being  compared  with  each 
other,  and  with  a  32-pounder  of  56  cwt.,  in  respect  of  stability, 
steadiness,  and  extent  of  range.  After  trials  continued  during 
eight  days,  it  was  found  that  all  the  42-pounders  were  admir- 
able guns,  alike  steady  iii  rapid  firing  with  the  established 
charges  (lOJ  lbs.  with  single  shot,  and  6  lbs.  with  double 
shot),  and  that  they  have  advantages  in  these  respects  over  the 
32-pounder  guns,  whose  charge  is  10  lbs. ;  their  recoil  also  was* 
not  so  great  as  that  of  the  latter  gun.  It  was  found,  however, 
that  they  work  heavier  with  15  men  than  the  32-pounders  with 
13  men;  and  that,  in  training  and  elevating,  the  latter  were 
rather  easier.  The  ranges  of  all  the  guns  were  nearly  the  same, 
the  32-pounder  alone  appearing  to  have  very  slightly  the  advan- 
tage with  double  shot. 

With  respect  to  th^  strength  of  the  construction  of  the 
42-pounder  gun,  that  which  had  been  most  often  fired  projected 
305  shot.  No.  1  gun  stood  40  rounds,  with  two  shot  and  two 
junk-wads,  the  charge  being  lOJ  lbs. :  it  bore  10  roimds,  with 
three  shot  and  three  jimk-wads,  the  charge  being  12  Iba  ;  but 
it  burst  at  the  fifth  round,  with  three  shot  and  three  junk-wads, 
and  a  charge  of  14  lbs.  No.  3  gun  stood  40  rounds  with  two 
shot  and  two  wads,  the  charge  being  lOJ  lbs. :  it  stood  10 
rounds,  with  three  shot  and  three  wads,  and  with  an  eq.ual 
charge ;  but  it  burst  at  the  first  round  with  three  shot  and  three 
wads,  the  charge  being  12  lbs.  No.  2  gun  stood  18  rounds, 
with  two  shot  and  two  wads,  the  charge  being  lOJ  lbs.,  when  it 
burst. 

Mr.  Monk,  the  constructor  of  No.  2  gun,  could  only  account 
for  the  less  enduring  form  of  his  gun  by  ascribing  it  to  some 
inferiority  in  the  metal.  The  specific  gravity  of  a  small  cube 
of  metal  taken  from  the  same  position  in  each  gun  was  tried ; 
and  the  result  was  as  foUows : — 
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1 


No.  1  gun     ..      ..     7.2375 

No.  2  gun     ..      ..     7.3112  }  The  sp.  gr.  of.  water  being  1. 

No.  3  gun     ..      ..     7.1954 


Mr.  Walker,  the  founder,  stated  that  the  guns  were  cast  from 
an  exactly  similar  mixture,  a  certain  portion  of  old  gun-metal, 
some  remelted  iron  pigs,  and  some  pigs  as  he  purchased  them. 
Mr.  Walker  is  satisfied  there  is  not  a  shade  of  difference 
between  the  metal  of  which  the  three  guns  were  cast.  The 
carriages  stood  well  till  the  guns  burst,  when  they  were  destroyed 
by  the  explosion.  The  conclusion  was,  that  the  early  bursting 
of  No.  2  gun  is  attributable  to  an  inferiority  of  construction. 
The  charges  of  powder  were  taken  fresh  from  the  laboratory 
daily ;  the  mean  diameter  of  the  shot  was  6.775. 
'  Gun  No.  1,  Colonel  Dundas's  construction,  was  recommended 
for  adoption  in  the  naval  service  on  account  of  its  greater  en- 
durance, and  such  were  introduced  accordingly  as  lower-deck 
guns  in  the  "  Blenheim  "  and  "  Ajax,"  steam  guard-ships ;  but 
having  been  foimd  too  heavy,  requiring  crews  so  large  as  to 
overcrowd  the  fighting-decks  of  the  small  74-gun  ships  of  which 
the  steam  guard-ships  were  composed,  those  guns  were  removed 
and  the  56  cwt.  32-pounder8  substituted. 

SECTION  IV. — ^NEW  GUNS  FOB  SHELLS  AND  HOLLOW  SHOT. 

223.  Large  calibred  guns  for  the  projection  of  shells  and 
hollow  shot  were  introduced  into  the  Naval  Service  of  Great 
Britain  subsequently  to  the  adoption  of  the  Paixhans  guns  in 
France  in  1824,  as  analogous  or  corresponding  pieces  of  ord- 
nance.* First,  in  that  year  the  10-inch  gun,  9  feet  4  inches 
long,  and  weighing  85  cwt.,  was  formed ;  but,  being  found  too 
heavy  for  ordinary  ships,  the  8-inch  gun,  6  feet  8^  inches  long 


"  The  original  Paixhans  ca7i(m  a  iMmbes  is  about  8  cwt.  heavier  than  the 
British  8-inch  shell  gun  (65  cwt.),  while  it  is  4  inches  longer ;  but,  by  a 
jiulicious  distribution  of  the  metal,  the  French  gun  was  so  much  reinforced 
iil>uut  tlic  chamber,  or  place  of  the  charge,  that  it  could  bear  being  fired  with 
solid  sliot  weighing  from  86  to  88  lbs.  avoirdupois  and  charges  amoimting  to 
10  lbs.  12  oz.  It  was  found  also,  by  experiments  made  in  the  Roadstead  of 
lircsi,  tliat  the  same  gun  could  bear  without  detriment  a  double  loading,  either 
two  shells  weigliing  together  133  lbs.  nearly,  with  a  charge  of  10  lbs.  12  oz., 
or  two  solid  shot  weighing  together  from  164  to  176  lbs.,  with  a  charge  of 
2!  \hf^.  8  oz. 
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and  weighing  50  cwt.,  was  introduced.  This  gun  was,  however, 
deemed  too  light  and  short  for  the  armament  of  great  ships  of 
war ;  and  at  length,  in  1838,  the  8-inch  gun,  9  feet^  long  and 
weighing  65  cwt  (see  Fig.  14,  Plate  II.),  was  brought  forward. 
This  has  now  become  tiie  favourite  arm  in  the  British  Naval 
Service  and  it  enters  largely  into  the  armament  of  ships  of  all 
rates  and  classes,  for  broadside  batteries  as  weU  as  for  thd  pivot- 
guns  of  steamers. 

Table  V.,  Appendix  B.,  contains  the  weights,  dimensions, 
charges,  and  ranges  of  shell-guns,  obtained  from  experiments 
carried  on,  on  board  the  "Excellent,"  in  1838.  The  sup- 
posed inability  of  sheU-guns  to  bear  the  great  charges  necessary 
for  propelling  solid  shot,  which,  being  10  inches  and  8  inches 
in  diameter,  weigh  130  lbs.  and  68  lbs.  respectively,  is  the  cause 
that,  till  recently,  those  natures  of  ordnance  were  restricted 
to  the  firing  of  hollow  shot,  or  shells,  with  charges  not  exceed- 
ing 10  lbs.,*  and  that  double-shotting  was  forbidden.  This 
restriction  no  longer  exists  with  respect  to  the  8-inch  guns  of 
65  cwt.  and  60  cwtL 

224.  There  remains,  apparently,  an  anomaly  in  the  windages 
respecting  the  projectiles  used  in  the  naval  and  land  services, 
with  the  8-inch  sheU-gun  weighing  65  cwt.,  whose  diameter  is 
8.05  inches.  The  average  diameter  of  sea-service  hollow  shot 
and  shells  is  7.925  inches ;  the  windage  is,  consequently,  .125 
inch;  whereas,  in  the  land  service,  the  8-inch  shell-gun  is 
used  with  the  mortar  and  howitzer  shells,  whose  average  dia- 


•  See  *  Experiments  on  board  of  H.M.S. "  Excellent,"  1832  to  1849,'  page  11. 
With  8-inch  chambered  guns  of  66  cwt.  and  a  charge  of  10  lbs.,  are  used 
hollow  shot  plugged  with  iron  weighing  66  lbs.,  and  shells  weighing  48  lbs., 
which,  with  the  bursting-powder  (2  lbs.  11  oz.),  make  up  nearly  61  lbs.  The 
common  shells  used  with  the  8-inch  guns  for  land  service  weigh  46  lbs.,  and, 
when  charged  with  the  bursting-powder,  48  lbs.  Hollow  shot,  used  with  the 
like  guns,  is  made  up  as  the  same  weight  as  the  filled  shell,  viz.  48  lbs., 
including  its  iron  plug.  Shells  are  cast  thinner  than  the  projectiles  which  are 
designated  hollow  shot,  on  account  of  the  large  quantity  of  powder  which 
would  otherwise  be  required  to  burst  them  ;  and  it  may  be  observed  here 
that  a  smaller  quantity  of  powder  sufficed  to  burst  an  8-inch  shell  when  the 
common  metal  fuze  was  screwed  in,  than  when  Freebum's  wooden  fuze  was 
applied.  The  diameter  of  the  hole  for  the  metal  fuze  was  .86  inch,  and  that 
for  the  wooden  fuse  was  1.15  inch.  It  appcacs  that  shells  fitted  with  metal 
fuzes  burst  with  greater- violence,  and  are  more  destructive,  than  those  which 
are  provided  with  wooden  ones. 
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meter  is  7.86  inches,  and  windage  ".19  inch.  The  difference 
in  the  windages  is  small,  but  the  extent  and  the  accuracy 
of  the  ranges  are  considerably  affected  by  it ;  and  there  exists 
no  good  reason  why  the  windages  should  not  be  equalized  by 
the  adoption  of  the  same  magnitude  and  weight  of  shot  and 
shell  for  both  services.  Until  this  is  done,  mistakes  may  be 
made  in  the  issues,  according  to  the  present  practice,  of  shot  and 
shells  of  different  diameters  and  weights  for  the  same  calibre  of 
ordnance  in  the  land  and  sea  services. 

225.  Shell-guns  in  the  British  Service  are  chambered  in  the 
Gomer  form  (see  Fig.  14,  Plate  11.),  the  bore,  at  the  extremity 
nearest  the  breechj  being  contracted  in  the  form  of  a  frustum 
of  a  cone  as  in  the  carronade  mentioned  in  Arts.  125,  126. 
This  form  of  chamber,  which  was  originally  intended  for  mor- 
tars, is  not  well  adapted  for  howitzers  or  shell-guns,  which 
are  to  be  &ed  horizontally,  on  account  of  the  difficulty  of 
retaining  in  their  proper  places  the  reduced  charges,  in  car- 
tridges which  do  not  fill  the  chambers,  and  which  are  liable 
to  slide  down  the  surface  of  the  conic  frustum  on  which  they 
lie,  thus  causing  the  gun  to  miss  fire.  Such  failures  are 
reported  to  have  occurred  in  the  experiments  made  on  board 
the  "Excellent"  (October  12,  1838)  and  other  ships;  they 
have  been  frequently  witnessed  by  the  author,  and  on  one 
occasion  this  took  place  at  Woolwich  (July,  1849),  when, 
though  the  tubes  acted,  an  8-inch  gun  missed  fire  several 
times,  and  could  not  be  made  to  go  off  but  by  pouring  loose 
powder  through  the  vent  into  the  chamber.  The  chambers  of 
the  French  canons-obusiers  are  cylindrical,  connected  with  the 
bore  of  the  gun  by  an  enlargement  in  the  form  of  a  frustum  of  a 
cone  (fig.  14,  p.  188).  Thus  the  cartridge  is  less  liable  to  shift 
its  place  than  if  the  whole  chamber  were  conical;  there  is 
however  a  greater  diflSculty  in  introducing  it ;  and  the  French, 
as  well  as  ourselves,  feel  all  the  .inconvenience  of  chambered 
ordnance;  but  our  neighbours,  ever  attentive  to  adopt  pro- 
cesses which  may  tend  to  promote  rapidity  in  loading  and  firing, 
have  found  means  of  overcoming  this  difficulty  by  giving  to  the 
cartridge  the  form  of  the  chamber  itself.*     When  diminished 

"  For  this  purpose  the  cartridge  is  made  on  a  wooden  plug  (mandrin)  of  a 
figure  corresponding  to  the  chamber ;  in  one-hall  of  its  length  it  is  cylindrical. 
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charges  are  employed,  the  cartridges  are  made  smaller  in 
diameter  while  their  lengths  are  the  same,  and  thus  one  extre- 
mity of  the  charge  is  always  in  contact  with  the  shot. 

226.  Strong  objections  attach  to  guns  for  the  naval  serrice 
being  chambered,  particularly  if  they  are  to  be  employed  in 
broadside  batteries.  In  close  action  every  means  which  can  be 
obtained  to  facilitate  quick  firing  with  safety  and  accuracy  is 
indispensable;  but,  with  chambered  guns,  great  care  must  be 
taken  (see  Arts.  126,  225)  in  loading,  from  the  difficulty,  in 
quick  firing,  of  getting  a  small  cartridge  set  properly  home,  and 
from  the  risk  of  its  place  being  shifted  in  running  the  gun  up ; 
to  prevent  this  it  becomes  necessary  to  place  a  grommet-wad 
over  the  cartridge.* 

227.  The  necessity  of  forming  chambers  for  shell-guns,  as 
well  as  for  carronades,  arises  from  the  weight  of  metal  in  those 
guns  being  comparatively  small,  considering  the  weights  of  the 
bodies  which  are  projected  from  them ;  so  that  a  much  greater 
thickness  of  metal  is  requisite  about  the  seat  of  the  charge  than 
elsewhere,  in  order  to  withstand  the  great  expansive  force  of  the 
ignited  gimpowder  and  render  the  gun  safe;  this  excess  of 
thickness  is  obtained  by  contracting  the  cylindrical  bore  of  the 
gim  near  the  lower  extremity,  and  thus  forming  what  is  called  a 
chamber. 

228.  The  canon-obusier  originally  constructed  by  Colonel 
Paixhans  for  the  French  Naval  Service   was  9  feet  4  inches 


while  the  other  half  has  the  form  of  a  truncated  cone.  The  parts  are  of 
strong  paper  (papier  parchemin),  and  the  extremity,  which  is  hemispherical, 
is  of  parchment ;  the  latter,  having  been  steeped  in  water,  was  stretched  over 
the  spherical  ])art  of  the  plug,  and  kept  on  by  sail-twine ;  when  dry  it  was 
taken  off,  and  glued  to  the  smaller  extremity  of  the  conical  part. 

The  cartridge  thus  prepared  and  filled  with  2  kilogrammes  (4  lbs.  6.4  oz.) 
of  powder  was  23  centimetres  (9.06  inches)  long,  from  the  bottom  of  the 
hemisphere  to  the  nearest  end  of  the  cylinder.  It  wa3  several  times  succes- 
sively pressed  into  the  howitzer  without  exi^eriencing  any  impediment,  and 
was  afterwards  withdrawn  without  exhibiting  any  appearance  of  the  friction 
which  the  old  cartridges  experienced  at  the  enlargement  of  the  chamber. 
1'his  mode  of  forming  cartridges  may  appear  tedious,  but  it  is  easy  to  see 
that  it  would  in  time  be  simplified ;  while,  by  adopting  it,  the  y)rocess  of 
loading  the  howitzer  is  greatly  facilitated,  and  is  besides  assimilated  to  that 
of  loading  a  gim  or  carronade. 

*  This  practical  inconvenience  of  chambered  guns  is  strongly  set  forth  in 
the  reports  of  some  recent  trials  of  what  the  French  call  la  charge  simultanee 
(see  Art.  228,  note). 


188 


NAVAL  GUNNERY. 


Tart  III. 


Fig.  14. 
Canon-obusier  of  80  (No.  1, 1842). 


long,  and  weighed  74  cwt.  nearly;  and  it  was  intended  to 
project  either  solid  shot  weighing  80  livres  (86J  lbs.  English), 
or  hollow  shot  weighing  56  livres  (60J  lbs.  English) ;  it  was 
subsequently  designated  the  canon-obusier  of  80,  No.  1,  of  1841. 
The  charge  for  this  gun  varied  from  10  lbs.  12  oz.  to  18  lbs. 
of  powder,  or  from  J  to  ^  of  the  weight  of  the  solid  shot ;  and 
the  diameter  of  the  bore  is  22  centimetres  (8.65  inches).  The 
diameter  of  the  cylindrical  part  of  the  chamber  was  made  about 
equal  to  that  of  the  bore  of  a  24-pounder  gun  (French),  con- 
sequently the  contraction  was  considerable;  and  this  was  the 
cause  that  a  difficulty  was  experienced  in  getting  the  cartridge 
into  its  place.  Another  inconvenience  was  that  the  sight  piece 
on  the  swell  of  the  muzzle  projected  too  much,  so  that,  in  the 
recoil,  it  caught  the  upper  sill  of  the  gun-port  when  the  gun 
had  a  small  elevation.     These  inconveniences  were  remedied  in 

the  construction  of  a 
new  canon  -  obusier 
(No.  1,  of  1842),  %. 
14,  about  equal  in 
calibre  to  the  former ; 
the  diameter  of  its 
chamber  was  equal  to 
that  of  a  30-pounder  (French),  and  the  contraction  of  the  bore 
was  consequently  less  than  in  the  other ;  this  piece  had  also, 
in  order  to  receive  the  sight,  a  support  on  the  re-inforce  at  the 
commencement  of  the  chase,  whereas,  previously,  the  sight  had 
been  fastened  by  bands  passmg  round  the  gun.* 

At  a  former  period  (1838)  a  diflferent  construction  of  the 
canon-obusier  of  80  was  tried,  but  the  recoil  of  the  piece  in 
fii'ing  was  found   to  be   too   great,  on  which   account  it  was 

*  On  account  of  the  ^eat  contraction  at  the  entrance  of  the  chamber  in  the 
gun  first  mentioned,  it  was  found  that  the  practice  of  ramming  home  the 
cartridge  and  shot  at  the  same  time,  called  by  French  writers  "  la  charge 
simultan^e  "  (which  M.  Charpentier  acknowledges  to  have  been  first  proposed 
by  the  author  of  this  work),  could  not  be  depended  on  with  that  piece,  a 
cliarge  having  jammed  short  at  the  second  round  of  the  trials;  with  the 
chamber  enlarged  as  above  mentioned  it  succeeded  perfectly.  It  is  stated, 
as  the  result  of  some  trials  made  recently  by  the  commjinder  of  the  British 
Squadron  of  Exercise,  that  although  some  advantage  accrues  from  simul- 
taneous loading  with  ordinary  guns,  it  is  not  desirable  to  attempt  it  with 
any  of  the  new  pattern  chambered  guns.  (See  tlie  articles  on  Quick  Luadinu, 
Tart  IV.,  Srct.  iv.) 
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rejected.  A  modification  of  No.  1  (of  1842),  designated  No.  2, 
has  been  since  executed  for  the  armament  of  frigates  of  the 
second  and  third  classes.  Its  charge  is  3  kilogr.  (6  lbs.  10  oz.), 
and  it  was  adapted  for  moderate  ranges,  the  tangent-scales 
being  graduated  only  to  1200  yards.  Of  this  description  are 
the  18  canons-obusiers  of  80,  which  have  been  mounted  for  ex- 
periment on  the  main-deck  of  tiie  frigate  "  Psyche." 

Another  yariety  of  the  C€uions-obusiers  of  80  consisted  in 
placing  the  trunnions  farther  back,  in  order  to  give  greater 
projection  to  the  muzzle.  This  gun,  which  was  lighter  than  the 
first,  was  tried  on  board  the  "  Ocean  "  in  1843,  but  it  has  not 
been  adopted  in  the  service. 

In  1848  a  new  canon-obusier  (No  3)  of  80  was  added  to  the 
other  variety  of  this  species  of  ordnance  for  the  French  navy. 
Its  charge  is  2.5  kil.  (5  lbs.  8  oz.)  for  hollow  shot,  and  2.6  kil. 
(5  lbs.  12  oz.)  for  solid  shot     (See  Art  207,  note  \) 

A  canon-obusier  of  150  (liv.),  whose  bore  was  27  centimetres 
(10.6  inches)  in  diameter,  was  introduced,  but  its  vast  weight, 
as  well  as  the  weight  and  magnitude  of  the  projectile,  which 
render  it  difficult  to  be  transported  and  to  be  worked  on  board  a 
ship,  are  objections  which  will  probably  prevent  its  adoption. 
Its  charge  was  5  kilog.  (11  lbs.) 

In  the  French  naval  service  there  are  also  canons-obusiers  of 

30  (livres),  whose  charges  are  2  kilog.  (4  lbs.  6  oz.)  and  1.5  kilog. 

(3  lbs.  5  oz.) ;  the  diameter  of  the  bore  being  16  centimetres,  or 

6.4  inches :  it  is  regulated  that  they  shall  fire  either  hollow  or 

solid  shotj  and  they  are  provisioned  accordingly.     Besides  the 

above  obuaiers,  guns  of  24,  30,  36,  and  50  livres,  and  carronades, 

are  specially  destined,  in  French  ships  of  the  line,  for  firing  live 

shells. 

229.  Extensive  experiments  were  in  1850  made  in  France  on 

the  important  questions  as  to  the  description  of  carriage  and 

mode  of  installing  the  bow  and  stern  guns  of  steam-vessels  of 

war,  with  a  view  to  decide  between  the  traversing  and  pivot 

slide,   and  the  ordinary  carriage  with  trucks,   which  may  be 

shifted  from  port  to  port  as  occasion  may  require.     For  the 

prosecution  of  these  experiments  several  vessels  hf^ve  been  fitted 

with  guns  mounted  conformably  to  these  two  difierent  principles. 

Several  varieties  of  traversing  slides  are  also  under  trial  in  the 
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French  senrice,  bnt  they  are  all,  more  or  less,  analogous  to  those 
in  use  in  the  British  service.  The  "  Cuvier  "  and  the  "  Cassini " 
are  fitted  with  the  aStt  k  double  pivots  as  previously  tried  on 
board  of  the  "  Infernal ;"  whilst  the  «  Cvndlton  "  and  "  Pluton  "  ' 
have  been  fitted  with  the  afiiHt  ^  ^hantignole.  The  ships  are 
armed  with  two  canons-obusiers  of  80  and  two  30-pounder  guns, 
installed  in  broadside  ports  in  the  ordinary  way. 

The  great  disadvantage  of  the  pivot  traversing  principle,  as 
heretofore  applied,  is  that  the  bulwarks  must  be  struck  for 
action,  when,  the  gan  being  what  is  called  en  barbette,  the  men 
working  the  piece  are  exposed  to  be  swept  off,  if  within  the 
range  of  musketry,  grape,  or  case  shot ;  whilst  the  absence  of 
all  cover,  however  slight^  is,  besides  the  physical  disadvantage, 
most  prejudicial  in  its  moral  effect  On  the  other  hand,  as  in 
the  '^  Camdl^on  "  and  '^  Fluton,"  the  installation  of  heavy  guns 
in  ports  and  embrasures,  the  sweep  or  open  of  which  is  limited 
to  about  14^  or  15°  on  each  side  of  the  directrix,  renders 
frequent  shifting  of  the  guns  from  port  to  port  necessary — an 
operation  which  must  always  be  di£Scult  and  objectionable  in 
action,  on  account  of  the  time  it  requires,  and  which,  when  there 
is  much  motion,  may  be  almost  impracticable :  no  decision,  to 
the  author's  knowledge,  has  yet  been  made  on  these  important 
trial&  In  the  British  service,  the  two  principles  appear  to  be 
very  happily  combined  by  the  following  simple  contrivance  s — 
the  slide  is  made  to  traverse  on  shifting  oenlares^  and  to  take  up 
fighting  points  which  are  established  on  the  deck  coirespondently 
with  suitable  points  in  the  several  ports  which  each  gun  thus 


'  The  total  of  the  Steam  Navy  of  France  in  February  of  the  present  year 
(1800)  consisted  of  244  ships  afloat  and  61  building,  in  the  following  propor- 
tions:— 37  line-of-battle  snips,  47  frigates,  19  corvettes,  68  gunboats,  9 
floating  batteries,  89  avisos,  5  iron-cased  sliips,  and  31  transports.  The  total 
number  of  vessels  comprising  the  Steam  Navy  of  England,  at  the  same  date, 
was  456  ships  afloat  and  67  building,  in  the  following  proportions  : — 69  line- 
of-battle  ships,  48  frigates,  9  iron  blockships,  4  iron-oised  ships,  21  corvettes, 
95  sloops,  192  gunboats,  8  floating  batteries,  4  screw  mortar-vessels,  27  small 
vessels,  and  61  troop-ships,  tenders,  yachts,  &c.  In  addition  to  these  will  be 
completed  within  the  year — 10  line-of-battle  ships,  12  frigates,  4  iron-cased 
ships,  4  corvettes,  15  sloops,  and  23  gun  vessels  and  gunboats.  When  we 
consider  how  much  our  Steam  Navy  must  be  dispersed  throughout  the 
dominions  of  the  British  Empire,  and  &e  concentration  of  that  of  France  on 
the  coasts  of  the  country,  the  comparison  appears  very  unsatisfactory. 
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mounted  is  intended  to  serve."  Thus  the  serious  disadvantage 
of  striking  the  bulwarks  is  avoided,  and  the  advantages  of  the 
pivot  carriage  are  retained. 

In  the  first  application  of  this  principle,  ports  4  feet  wide, 
embrasured  with  sloping  sides,  were  opened  in  the  bulwarks,  the 
height  of  which  was  5  feet ;  the  upper  siU  of  the  ports  was  made 
to  unship  when  great  elevations  were  required ;  whilst  in  close 
action  the  men  were  sheltered  to  this  extent.  The  embrasures 
admitted  of  the  guns  being  trained  three  points  forward,  and  as 
many  aft ;  but  the  ports  are  at  present  very  much  enlarged,  in 
order  to  increase  the  sector  of  fire,  and  the  height  of  the 
bulwarks  is  lowered :  the  expediency  of  this  alteration  may  be 
doubted. 

A  very  ingenious  contrivance,  invented  by  Colonel  Colquhoun 


*  This  simple  method  of  chaDging  the  centres  on  which  traversing  platforms 
turn,  so  that  they  may  be  readily  shifted  from  the  turning  to  the  fighting 
point,  which  was  applied 

by  the  late  General  Mil-  Fig.  is. 

lar  to  the  bow  and  stem 
guns  of  steam-ships,  was, 
as  the  General  acknow- 
ledged in  a  letter  to  the 
antibor,  borrowed  from 
his  invention  of  that 
principle,  in  1805,  for 
mounting  guns  on  round 
towers  and  circular  bat- 
teries (fig.  16).  A  bolt/ 
rBsing  through  the  hole 
in  the  rear  of  the  tra- 
versing platform,  being 
inserted  in  the  socket  at 
A,  the  gun  is  turned 
upon  that  point  in  the 
direction  of  a  radius  pass- 
ing through  any  fighting  point  a,  a',  c,  c',  &c.,  in  the  circle  in  which  those  points 
are  established.  The  bolt  at  A  being  then  taken  out,  and  tliat  of  the  front 
pivot  h  or  V  dropped  into  the  corresponding  socket  underneath  the  gun  (which, 
not  being  seen  in  the  figure,  is  indicStcd  by  a  dot  perpendicularly  over  it  on 
the  top  of  the  gun),  the  platform  is  turned  on  this  new  centre  into  the  ix)- 
sition  shown  in  the  figure.  The  other  gun  is,  traversed  in  like  manner,  and 
thus  the  two  gims  may  be  pointed  at  the  same  object ;  or  both  to  the  right  in 
the  directions  d'  and  c',  or  to  the  left  in  the  directions  d,  e,  or  one  on  each 
side  in  the  directions  d'  and  c,  or  d  and  c'.* 

♦  Extract  of  a  Report  of  the  Select  Committee,  dated  Royal  Arsenal,  July  12,  1806 : — 
•*  The  Committee  are  of  opinion  that  Major  Douglas  has  completed  very  I'ully  the  object 
which  he  ¥rished  to  obtain;  viz.,  that  he  can  traverse  guns,  in  a  circular  battery, in  any 
direction,  with  facility,  upon  different  centres  within  a  given  area." 
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of  the  Carriage  Department,  a  skilful  and  scientific  officer,  has 
been  adopted  for  facilitating  the  operation  of  shifting  the  centres 
upon  which  the  slides  traverse,  and  for  establishing,  in  the  deck, 
housing  points  or  centres  upon  which  the  guns  are.  with  great 
facility  turned. 

230.  In  1842  an  extensive  course  of  experiments  was  carried 
on  at  Gavre  with  canons-obusiers  of  80 ;  and  the  following  are 
the  results  of  some  of  the  experiments : — 

With  two  boulets  creux,  having  ',no  wad  between  themj  the 
projectiles  always  issued  from  the  piece  in  a  multitude  of 
fragments. 

With  a  hollow  shot  and  a  live  shell,  having  a  wad  between 
them;  when  the  shell  was  next  to  the  charge,  the  fuze  was 
invariably  crushed  or  broken  ;  when  outward, .  the  charge  being 
high,  the  shell  was  frequently,  and  sometimes  both  the  shot  and 
shell  were  reduced  to  fragments. 

Trials  were  likewise  made  with  a  solid  shot  of  88  lbs.  and  a 
hollow  shot  of  57  lbs. ;  then  with  a  solid  shot  and  a  charge  of 
large  grape  (20  balls,  each  of  4  lbs.  weight) ;  then  with  a  live 
shell  and  a  charge  of  grape :  in  all  these  cases  comparatively 
little  effect  was  produced;  and  it  appeared  that  shells,  with 
whatever  load  combined,  were  frequently  broken  in  the  gun. 

Two  solid  shot  were  likewise  fired  together,  but  the  recoil  was 
BO  great,  and  the  effect  on  the  carriage  so  severe,  that  with  the 
canon-obusier  of  80  double  shotting  was  peremptorily  inter- 
dicted. Upon  the  whole  it  appeared  that  double  loading  could 
only  in  some  cases  be  advantageous;  and  therefore,  as  a 
general  rule,  it  was  decided  that  such  ordnance  should  be  re- 
stricted to  the  discharge  of  single  hollow  shot. 

231.  The  ravages  occasioned  by  the  bursting  of  guns  on  board 
tlie  French  frigates  "  Provence,"  "  Venus,"  "  Triton,"  and  others, 
the  first  before  Algiers  and  the  second  at  Brest>  on  which 
occasions  great  numbers  of  men  were  killed  and  wounded,  while 
terror  and  demoralization  were  spread  among  the^  crews,  have 
caused  tlie  naval  authorities  of  France  to  enforce  the  utmost 
attention  to  the  proof  of  the  ordnance  used  on  board  ships  of 
war.  With  respect  to  the  canon-obusier  of  80,  on  a  first  trial 
the  chamber  of  the  piece  is  quite  filled  with  powder,  and  a 
cylindrical  shot  weighing  53  kilogrammes  (116  lbs.  avoirdupois) 
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is  projected ;  on  a  second  trial,  an  equal  charge  is  made  to 
propel  two  cylindrical  shot ;  and  on  a  third,  three  such  sliot^  a 
junk  wad  being  rammed  down  on  them  by  four  blows. 

Cylindrical  or  oblong  shot  are  reserved  for  this  extraordinary 
proof  of  the  canon-obusier ;  but  by  a  regulation,  dated  April 
1837,  it  is  directed  that  bo  piece  which  has  actually  been 
subject  to  such  proof  shall  be  admifted  into  the  service.  It  is 
often  found  that  a  gun,  though  it  may  have  stood  this  severe 
proof  apparently  uninjured,  is  so  strained  as  to  give  way  on 
service  when  the  ordinary  charges  are  used ;  and  the  practice  in 
France  is  to  subject  one  gun  only  of  each  batch  of  metal  to  tlie 
extraordinary  proof,  all  the  other  guns  of  the  batch  being  made 
to  undergo  the  ordinary  proof;  these  are  deemed  capable  of 
resisting  the  extreme  charges,  and  passed  accordingly/ 

This  method  of  proving  the  strength  of  guns  rather  by  great 
loads  of  metal  projected,  than  by  extraordinary  charges  of 
powder,  is  worthy  of  imitation  in  proving  naval  ordnance  in 
general  No  such  error  can  be  committed,  as  that  of  putting 
double  charges  of  powder — two  cartridges — into  a  gun  in  action ; 
but,  after  guns  have  been  loaded  with  the  full  or  distant  charges 
and  single  shot,  in  running  into  action,  and  getting  quickly 
witliin  300  or  400  yards,  it  may  suddenly  be  necessary  to  put  in 
a  second  shot,  and  upon  such  an  occasion,  seamen,  in  their 
ardour,  may  put  in  a  third.  "Whatever  may  happen  to  bolts  and 
breechings,  the  gun  at  least  should  stand  the  most  severe  trial ; 
and  on  this  account  all  naval  gims  should  be  proved  so  as  to 

•  Proof  charges  of  the  Paixhans  guns  are — with  two  shells,  weighing  to- 
gether 132.72  lbs.,  10  lbs.  12  oz.  of  powder;  with  two  solid  shots,  weighing 
together  172.69  lbs.,  21  lbs.  8  oz.  of  powder ;  and  the  maximum  charge  with 
two  solid  shots  is  28  lbs.  1  oz.  The  greatest  proof  charge  of  the  British  8-inch 
shell-gun  of  65  cwt.  was,  previously  to  1848,  20  lbs.  of  powder  with  one  solid 
shot,  and  a  single  hollow  shot  only  was  to  be  fired  at  one  time ;  but  it  has 
since  been  found  that  this  gun  is  capable  of  resisting  far  greater  charj^es  of 
powder,  and  of  firing  two  hollow  shots  at  once.  The  full  service- charge 
of  the  French  canon-obusier  of  80,  No.  1,  is  10  lbs.  12  oz. ;  that  of  the 
English  8-inch  shell-gun  of  65  cwt.  is  10  lbs.  Though,  as  has  been  just 
said,  the  Paixhans  gim  is  restricted  to  the  use  of  the  hollow  shot,  grajie 
and  case  shot  in  general  service ;  this  is  not  on  account  of  any  inalnlity 
to  bear  firing  with  solid  shot  and  efficient  charges,  but  on  account  of  the 
inconvenience  and  difficulty  in  handling  and  loading,  in  quick  firing  ;  and  the 
great  proportion  of  the  tonnage  or  displacement  of  the  ship  which  that  great 
weight  would  absorb ;  using  low  charges,  the  canon-obusier  of  80  is  caj  able 
of  discharging  at  once,  without  danger  or  damage  to  the  carriage,  200  or  300 
pounds*  weight  of  case-shot  (mitraille  roulante  ou  jplongeante). 
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ascertain  what  loads  of  shot  they  will  bear,  with  the  full  service- 
charge  of  powder;  and  though,  as  in  French  proofs,  every 
individual  gun  should  not  be  subjected  to  the  extraordinary 
proof,  yet  some  one  or  two  of  every  batch  of  metal,  and  from 
every  contractor,  should  be  tried  h  (mtrance. 

232.  On  comparing  together  the  ranges  of  the  French  canon- 
obusier  of  80  (No.  1),  weighing  74  cwt,  with  the  English  8-inch 
shell-gun  weighing  65  cwt,  both  of  which  are  considered  as  the 
best  of  their  class,  the  following  conclusions  are  obtained.  Using, 
at  first,  the  experiments  carried  on  at  Brest  in  1821  and  1824, 
with  shells  weighing  60^  lbs.  and  soUd  shot  weighing  86|^  lbs., 
the  diameter  of  the  bore  bein^  8.95  inches,  windage  .09  inch, 
and  the  charge  10  lbs.  6  oz. ;  and  the  experiments  made  on 
board  the  "  Excellent "  in  1839  with  hollow  shot  weighing  56 
lbs.  and  solid  shot  weighing  68  lbs.,  windage  .125  inch,  and  the 
cliarge  10  lbs. ;  it  was  found  that,  at  an  elevation  of  3°,  the 
range  of  the  French  solid  shot  exceeded  that  of  the  English  solid 
shot  by  651  yards,  and  the  range  of  the  French  hollow  shot 
exceeded  that  of  the  Engluh  hollow  shot  by  574  yards.  At  an 
elevation  of  16°,  the  excesses  of  the  French  solid  and  hdlow 
shot  over  those  of  the  like  English  shot  were  336  yards  and  400 
yards  respectively.  I^  therefore,  the  Bepoit  on  the  French 
experiments  above  alluded  to  were  alone  considered,  it  would 
appear  that  the  French  canon-obusier  is,  in  respect  of  range  &r 
superior  to  the  English  shell-gun — and  an  English  writer  of  great 
ability  has,  in  fact,  so  esteemed  it ;  but  a  comparison  of  many 
ranges  more  recently  obtained  with  the  French  and  English 
guns  has  proved,  beyond  a  doubt,  that  the  advantages  of  superior 
range,  with  equal  charges  and  elevations,  are  decidedly  on  the 
side  of  the  latter. 

In  jnaking  this  comparison,  the  ranges  of  the  French  canon- 
obusier  of  80,  weighing  74  cwt.,  were  taken  from  a  general 
table  formed  from  the  experiments  made  at  Gavre  between 
1830  and  1840,  the  inclinations  in  that  table  being  reduced  to 
elevations  above  the  horizon.  The  ranges  were  reduced  to 
English  yards,  and  afterwards,  by  interiDolations,  reduced  to  those 
due  to  the  particular  charges  and  elevations  for  which  the  ranges 
of  the  English  8-incli  shell-gun  of  65  cwt.  are  given  in  the  tables 
of  tlie  experiments  carried  on  on  board  the  "  Excellent "  in  1839 
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(Table  V.,  Appendix  B.).  The  French  and  English  shot  were 
hollow,  and  the  weights  of  the  guns  and  shot  were  as  above 
specified.  The  windage  of  the  English  gun  was  .125  inch,  and 
that  of  the  French  gun  ,1378  inch. 

Of  fourteen  ranges  obtained  from  each  gun,  the  charges  being 
10  lbs.  and  the  elevations  varying  from  22'  .30"  to  13°,  the  mean 
of  the  ranges  of  the  English  gun  exceeded  that  of  the  French 
gun  by  114  yards ;  while,  of  seven  ranges  from  each  gun,  the 
charges  being  8  lbs.  and  the  elevations  varying  from  37'  30"  to 
2°  7'  30",  the  mean  of  the  ranges  of  the  English  gim  exceeded 
that  of  the  French  gun  by  12  yards.  In  three  of  these  ranges, 
the  elevations  being  the  lowest,  the  advantage  was  in  favour  of 
the  French  gun ;  but  in  the  four  others,  the  advantage  was  on 
the  side  of  the  English  gun.  The  ranges  obtained  from  the 
8-inch  shell-gun,  weighing  60  cwt.,  being  then  compared  with 
the  canon-obusier  of  80,  weighing  as  above,  the  charges  being 
8  lbs.  and  the  elevations  varying  from  22'  30"  to  10°,  it  was 
found  that,  in  eleven  ranges  obtained  from  each,  the  mean  range 
of  the  English  gun  exceeded  that  of  the  French  gun  by  11 
yards ;  but,  in  four  cases,  the  advantage  was  in  favour  of  the 
latter  gun,  the  mean  of  the  excesses  being  25  yards. 

233.  From  experiments  which  have  been  made  on  board  the 
"Excellent"  with  an  8-incli  shell-gun  weighing  65  cwt.,  and 
double  shotted,  it  appears  that  such  practice  cannot  be  made 
with  good  eflfect  beyond  200  yards.*  In  the  experiments  alluded 
to  there  was  set  up  a  butt  of  souud  ship-timber,  consisting  of 
two  planks  crossed,  each  6  inches  thick,  and  bolted  to  timbers  12 
inches  thick ;  when,  at  the  distance  of  260  yards,  three  rounds 
being  fired  with  two  solid  shots  and  a  charge  of  5  lbs.  of  powder, 
5  of  the  shot  passed  through  one  side  of  the  butt,  striking  the 
opposite  side  and  indenting  it  one  inch^  at  the  distance  of  100 
yards,  of  two  shots  fired  at  once,  one  struck  the  bull's-eye,  and 
the  other  a  point  about  1  foot  from  it.  Of  30  solid  shots  fired 
two  together,  with  a  junk  wad  between  them,  11  broke;  and  of 
30  others  so  fired,  with  no  wad,  only  1  broke.  In  11  roimds,  a 
shot  and  a  shell  being  fired  together,  with  wooden  bottoms,  3  of 


•  This  practice  is  permitted  in  action  at  or  within  200  yards,  and  the 
maximum  charge  is  5  lbs.  of  powder;  bat  double-shotting  is  not  allowed 
with  8-inch  guns  weighing  less  than  60  cwt. 

o  2 
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the  shells  broke ;   and  in  3  rounds,  with  two  shots  separated 
from  each  other  firom  2  to  4  inches,  3  of  the  shots  broke. 

In  1849  double  shot  firom  8-inch  guns,  weighing  65  and  60 
cwt.,  were  fired  in  a  series  of  experiments  made  on  board  the 
"Excellent  *'  against  a  butt  representing  a  section  of  the  "Princess 
Charlotte  **  at  the  bends  and  lower-deck.  The  shots  were  hollow, 
and  weighed  56  lbs. ;  the  charge  was  5  lbs.,  and  the  distance  of 
tlie  butt  200  yards.  At  the  first  round  both  shots  struck,  18 
inches  asunder  (one  ih  the  centre  of  a  timber),  and,  after  passing 
tlurough,  ricochetted  in  the  water  at  300  yards  beyond  the  butt. 

SECTION  v.— ON  BIFLE  GUNS  LOADED  AT  THE  BREECH. 

231.  The  practice  of  loading  guns  at  the  breech  is  not  of 
modem  date.  In  a  work,  by  an  Italian  named  Moretti,  whicli 
was  printed  early  in  the  seventeenth  century,  it  is  stated  that 
the  Venetians  had  many  guns  which  were  so  loaded,  and  which 
carried  shot  of  4  lbs.  weight.*  And  the  readers  of  works  on 
Military  Antiquities  will  find  in  them  frequent  mention  of  that 
primitiye  method  of  loading  ordnance  which  is  now  reproduced. 

Many  curious  specimens  of  such  guns  may  be  seen  in  the 
Boyal  Military  Repository  and  in  the  United  Service  Institution. 
The  most  ancient  one  of  this  description  is  that  which  was 
recovered  from  the  wreck  of  the  "Mary  Eose,""8unk  at  Spithead 
in  an  action  with  the  French  in  1545.  It  is  made  of  wrought- 
iron  bars,  secured  with  iron  hoops  and  fixed  in  a  solid  bed  of 
elm  0  ft.  8  in.  long :  it  was  loaded  at  the  breech  by  a  detached 
chamber,  which  was  kept  in  its  place  by  a  chock  of  elm. 
Several  ancient  chambers  of  guns  of  smaller  sizes,  of  WTought 
iron,  of  the  time  of  Henry  VII.,  have  been  found  at  Dover ;  and 
likewise  the  chase  or  body  of  a  gun  which  was  loaded  in  like 
manner.  The  diameter  of  its  bore  was  IJ  inck  Artillery 
loaded  at  the  breech  with  a  detached  chamber  is  still  used  in 
China ;  and  the  brass  jingal,  or  swivel  gun  1 J  inch  diameter,  is 
of  that  nature ;  several  specimens  of  these  may  be  seen  in  the 
United  Service  Institution.  A  small  brass  4-pounder,  with  a 
detached  chamber  for  loading  at  the  breech,  and  bearing  a 
cypher  of  the  Dutch  East  India  Company,  was  found  on  an  islet 

*  'J'his  work  was  translated  into  English  by  Moore  about  IGoO. 
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on  the  coast  of  Australia,  npon  which  a  Dutch  ship,  named 
**  Zeevyk,"  was  wrecked  in  1727  ;  and  a  piece  of  brass  ordnance 
of  Dutch  make,  and  bearing  the  date  1650,  has  recently  been 
brought  from  the  Gambia  by  H.  M.  Steam-vessel  "Teazer." 
The  gun  is  made  to  load  at  the  breech ;  and  the  charge  and 
shot  were  kept  in  their  places  in  the  bore  by  a  quoin  or  wedge 
in  a  manner  nearly  similar  to  the  plan  of  Major  Cavalli.  (See 
the  following  Article.) 

The  method  of  loading  at  the  breech  does  not  seem  to  have 
been  much  in  use  for  small  arms.  There  is,  however,  in  the 
United  Service  Institution,  a  small  petronel  of  this  description, 
of  the  time  of  Charles  I.,  and  two  carbines  of  about  the  year 
1740  or  1750. 

235.  It  has  been  said,  Art.  183,  that,  in  1846,  iron  rifled- 
cannon,  capable  of  being  loaded  at  the  breech,  were  invented  by 
Major  Cavalli  and  Baron  WahrendorflF,  for  the  purpose  of  firing 
cylindro-conical  and  cyljndro-conoidal  shot  (see  figs.  7  and  8 
in  that  Article).  In  these  guns  the  mechanical  contrivances  for 
securing  the  breech  are  very  superior  to  the  rude  processes  of 
earlier  times  ;  yet  it  appears  doubtful  whether  or  not,  even  now, 
they  are  sufficiently  strong  to  ensure  safety  when  high  charges 
are  used  in  long  continued  fiWng. 

236.  The  length  of  the  Cavalli  gun  (see  fig.  15,  Plate  II.)  is 
'8  feet  10.3  inches ;  it  weighs  66  cwt.,  and  its  calibre  is  6J  inches. 

Two  grooves  are  cut  spirally  along  the  bore,  each  of  them 
making  about  half  a  turn  in  the  length,  which  is  6  feet  9  inches. 
The  chamber,  which  is  cylindrical,  is  11.8  inches  long  and 
7.008  inches  diameter.  With  respect  to  windage,  it  must  be 
observed  that  in  aU  rifles  witii  forced  leaden  shot  of  any  shape 
there  is  practically  no  windage  and,  accordingly,  no  waste  of  the 
charge :  but  it  is  not  so  with  iron  shot  fired  from  rifled  cannon, 
since  the  iron  cannot  be  made  to  expand  so  as  to  fiU  the  bore 
a!id  enter  into  the  grooves ;  there  must,  consequently,  be  some 
windage ;  and,  in  fact,  if  there  were  not  some,  or  if  the  charge 
were  not  greatly  reduced,  the  blowing  ofi"  the  breech,  an  acci- 
dent which  happened  to  M.  Cavalli's  own  gun,  would  be  of 
frequent  occurrence. 

Immediately  behind  the  chamber  there  is  a  rectangular  per- 
foration in  a  horizontal  direction  and  perpendicular  to  the  axis 
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of  the  boro;  its  breadth  vertically  is  9 J  inches,  while  hori- 
zontally it  is  5.24  inches  on  the  left  side  and  3.78  inches  on  the 
right  side.  This  perforation  is  to  receive  a  wroiight-iron  case- 
hardened  quoin  or  wedge  which,  when  in  its  place,  covers  the 
extremity  of  the  chamber  which  is  nearest  the  breech.  The  pro- 
jectile, wliich  has  been  described  ia  Art  183,  being  introduced 
throiigli  the  breech  and  chamber  into  the  bore  of  the  gun,  and 
the  cartridge  placed  behind  it>  a  culat,  or  fiilse  breech  of  cast 
iron,  is  made  to  enter  2jl  inches  into  the  bottom  of  the  chamber 
behind  the  cartridge ;  and  a  copper  ring,  which  also  enters  the 
chamber,  is  placed  over  it.  The  iron  wedge  is  then  drawn 
towards  the  right  hand  till  it  completely  covers  the  chamber. 
After  being  fired,  the  gun  can  be  reloaded  without  entirely 
taking  out  the  wedge ;  for  the  latter,  which  is  shorter  than  the 
rectangular  cavity  in  which  it  moves,  can  be  withdrawn  far 
enough  to  allow  the  new  load  to  be  introduced.  The  Cavalli 
gun  rested  on  a  caslriron  bed,  placed  on  a  platform  constructed 
of  strong  beams  of  timber.  It  is  now  mounted  on  a  non-recoil 
principle,  whidi  is  effected  by  a -strong  iron  trunnion  attached  to 
the  front  of  the  bed  underneath,  and  working  in  a  socket  firmly 
fixed  in  front  of  the  platform.    . 

In  the  summers  of  1853  and  1854,  trials  were  made  at  a  spot 
between  Leiny  and  Cirie,  in  Piedmont^  of  a  rifled  Cavalli  gun, 
made  to  be  loaded  at  the  breech,  and  with  various  improvements 
in  the  apparatus  for  loading  and  pointing.  The  gun  carried 
cylindro-ogivale  shells  each  weighing  30  kilogrammes  (66  lbs. 
3  oz.  English),  and  provided  with  a  metal  faze.  The  shells 
were  fired  with  charges  equal  to  one*tenth  of  the  weight  of  the 
projectile,  at  elevations  varying  from  5  to  25  degrees.  The 
firing  was  directed  against  a  target  about  10  feet  square,  and 
phiced  at  the  distance  of  3050  yards  from  the  gun. 

In  ten  trials,  at  an  elevation  of  10  degrees,  the  mean  of  the 
ranges  obtained  was  3058  yards ;  the  means  of  the  deviations 
were  to  the  right  3.4  yards,  and  to  the  left  3.39  yards.  After 
one  rebound  the  shot  went  to  the  distance  of  4096  yards  from 
tlie  gun,  with  a  deviation  to  the  right  equal  to  126  yards.  The 
moan  time  of  flight  was  11  seconds. 

In  fifteen  trials,  at  an  elevation  of  15  degrees,  the  mean  of  the 
ranges  was  1128  yards ;  the  mean  deviations  were,  to  the  right 
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11.  yards,  and  to  tlie  left  1  foot  11  inches.  The  time  of  flight  was 
16  seconds. 

In  fifteen  trials,  at  an  elevation  of  20  degrees,  the  mean  of 
the  ranges  was  4917  yards ;  while  the  mean  deviations  were,  to 
the  right  6  yards  2  feet,  and  to  the  left  10  yards.  The  time  of 
flight  was  19  seconds. 

Lastly,  in  ten  trials,  at  an  elevation  of  25  degrees,  the  mean 
of  the  ranges  was  5563  yards,  while  the  deviations  were,  to  the 
right  3  yards,  and  to  the  left  4  yards. 

These  trials  were  considered  highly  satisfactory ;  and  no  less 
so  were  some  experiments  also  made  with  metal  fnzes,  and  with 
a  charge  equal  to  one-thirtieth  of  the  weight  of  the  projectile  ; 
the  first  shell  so  fired  struck  against  one  of  the  beams  of  the 
target^  and  tore  away  splinters  of  the  wood  varying  in  length 
from  1  ft  9  in.  to  1  ft  11  in.  The  bursting-charge  appeared  to 
be  fired  a  little  before  the  moment  of  the  shell  falling. 

237.  The  rifled  gun  constructed  by  Baron  Wahrendorfi*  differs 
in  some  respects  from  that  of  Major  Cavalli.  (See  fig.  16, 
Plate  n.)  Its  whole  length  is  8  feet  10.9  inches,  and  its 
greatest  diameter,  A  B,  2  feet  3.2  inches.  The  diameter  a  J  of 
the  bore  is  6.37  inches  from  the  muzzle  to  within  6  inches  of 
the  chamber,  in  which  space,  c  d  ef,  it  has  a  conical  form,  the 
diam^r  at  c  d  being  9.65  in. ;  the  diameter  of  the  chamber 
c  d g  hia  7.5  inches.  A  rectangular  wedge,  12.2  inches  long, 
8.1  inch  broad,  and  4.25  inches  tliick,  is  made  to  slide,  towards 
the  right  or  left  hajid,  in  a  perforation,  formed  transversely 
through  the  breech,  for  the  purpose  of  covering,  after  the  gun  is 
loaded,  the  aperture  by  which  the  charge  is  admitted  into  the 
bore.  A  notch,  7.2  inches  long  and  .7  inch  broad,  is  made 
longitudinally  in  the  wedge,  and  through  this  passes  the  stem, 
OT  bar,  of  a  cylindrical  plug,  by  wliich  the  charge  is  kept  in  its 
place.  This  plug  is  7.4  inches  diameter  and  4.7  inches  long, 
and  it  is  provided  with  a  stem  or  bar,  15.75  inches  long,  at  the 
extremity  of  which  is  a  screw  nut  having  two  handles.  The 
plug  is  introduced  in  a  direction  parallel  to  the  axis  of  the  gun, 
through  an  orifice  in  the  breech ;  and  its  stem  passes  through  a 
perforation  made  in  an  iron  door  which  closes  the  orifice.  When 
the  gun  is  loaded  the  door  is  closed ;  the  plug  is  pushed  forward, 
to  the  rear  of  the  charge,  by  means  of  its  stem,  flhd  the  wedcje 
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18  inado  to  slide  into  its  place :  a  torn  of  the  screw  nnt  at  tlie 
end  of  tho  stem  is  then  taken,  when  the  whole  is  drawn  tightly 
together  and  is  ready  for  firing.  After  firing,  the  wedge  is 
dra\7n  out  as  fieur  as  a  pin  which  fits  into  a  groove  in  its  top  will 
permit ;  and  tins  just  allows  the  plug  to  be  drawn  back  close  to 
the  door,  which  is  hollowed,  as  at  A;,  to  receive  it ;  the  door  will 
then  open  so  that  the  plug  may  be  withdrawn  from  the  breech 
of  tho  gun,  preparatory  to  a  re-loading  being  made. 

238.  Some  important  trials  were,  during  the  year  1850,  made 
at  Shoebury  Ness  with  the  Cavalli  and  Wahrendor£F  guns, 
in  conjunction  with  the  British  32-pounder  gun  weighing 
56  cwt. ;  cylindro-conoidal  shot  weighing  64  lb&  beii^  fired  from 
tlie  former,  and  round  shot  from  the  latter,  and,  from  thoso 
trials,  the  relative  values  of  the  three  natures  of  ordnance  may 
be  said  to  have  been  in  a  great  measure  detennined.  The 
foreign  guns  are  those  which  were  cast  at  Aker ;  and  their  con- 
struction has  been  carefully  and  ably  described  by  Colonel 
Palisier  of  the  Boyal  Artillery. 

At  the  efficient  service-elevation  of  5  degrees,  with  charges  of 
8  lbs.,  the  ranges,,  and  also  the  deflections  of  the  different 
projectiles  were  nearly  equal  to  one  another :  and  the  like  is  true 
with  charges  of  10  lbs.  At  elevations  of  10  d^;ree8^  the  ranges 
of  the  i^ign  guns  exceeded  those  of  the  Englisb  82-poimder, 
with  charges  of  8  lbs.,  by  380  yards ;  and  with  charges  of  10  lbs., 
by  090  yards ;  and  at  elevations  of  15  degrees,  the  excess  was, 
witli  charges  of  8  lbs.,  about  790  yards ;  .and  with  charges  of 
10  lbs.,  about  1100  yards.  The  deviations  were  always  in  the 
direction  of  the  rotation  of  the  projectiles;  but  they  were  so 
variable  in  amount  that  no  allowance  could  be  made  for  them  in 
laying  the  gun  with  respect  to  the  object. 

It  must  be  admitted  tlmtthe  Walirondorff  gun  has  considerable 
advantage,  in  respect  of  range,  over  the  English  32-pounder  at  a 
liigh  elevation ;  but  it  ought  to  be  observed  that  the  practice  is, 
in  that  case,  very  uncertain.  Such  guns  cannot  enter  into  the 
armament  of  ships  of  war,  but  they  may  be  used  with  advantage 
l'(  )r  Hanking  defences  in  casemates,  or  in  coast-batteries  for  firing 
at  (»hj(^cts  at  great  distances. 

l!.*J!).  With  resj>ect  to  ricochet  firing,  it  is  ob\nous  that  the 
nipid  rotatioi^f  the  shot  upon  its  axis,  and  the  projection  of  the 
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oblique  wings  by  which  the  rotation  is  produced  in  the  gun, 
must,  on  the  shot  grazing,  cause  a  forcible  action  on  the  surface 
of  the  plane  struck,  whether  land  or  water.  A  remarkable  proof 
of  this  appeared  in  the  recent  experiments  at  Shoebury  Ness ; 
when,  at  every  graze  of  the  cyKndro-conical  or  cylindro-conoidal 
shot,  it  took  a  fresh  direction,  deviating  more  and  more  to  the 
right — an  important  circumstance,  which  will  no  doubt  be  found 
to  prevail  in  the  ricochet  of  all  cylindro-conical  rifle-shot  from 
muskets  as  well  as  from  cannon.  In  horizontal  firing  over  sea, 
it  is  probable  tliat  the  shot  would  penetrate  into  the  water  so 
far  that  the  impulsive  force,  resolved  in  the  vertical  direction, 
would  not  be  suflBcient  to  allow  it  to  rise  from  thence. 

The  Cavalli  gun  became  unserviceable  after  liaving  fired  four 
rounds,  by  the  copper  ring  or  bush  imbedded  in  the  metal  of  the 
gun  at  the  bottom  of  the  bore  being  damaged.  This  rendered  it 
necessary  to  remove  the  gun  to  the  foundry,  in  order  to  have  a 
new  copper  ring  put  in ;  for  this  purpose^it  was  necessary  to  cut 
away  some  of  the  metal  of  the  gun,  in  order  to  set  in  the  bush 
afresh.  But,  however  nicely  this  was  done,  it  did  not  succeed, 
and  at  the  next  trial  the  whole  of  the  breech  was  blown  off. 
The  Wahrendorff  gun  stood  well,  the  wedge  resisting  more 
effectually  the  force  of  the  discharge  than  that  of  the  Cavalli 
gun.  If  the  latter,  when  it  failed,  had  been  on  board  a  ship,  the 
breech  would  have  passed  through,  or  have  made  a  prodigious 
fracture  in  the  opposite  side;  and  consequently,  besides  the 
physical  injury,  it  must  have  produced  the  worst  moral  effect  on 
the  crew. 

240.  Baron  Wahrendorff  invented  a  24-pounder  gun,  which  is 
also  to  be  loaded  at  the  breech.  It  is  mounted  on  a  cast-iron 
traversing  carriage;  and,  taking  little  room,  it  appears  to  be 
very  fit  for  casemates.  The  upper  part  of  the  carriage  has,  on 
each  side,  the  form  of  an  inclined  plane,  which  rises  towards  the 
breech,  and  terminates  near  either  extremity  in  a  curve  whose 
concavity  is  upwards.  Previously  to  the  gun  being  firod  tlio 
trunnions  rest  near  the  lower  extremity ;  and  on  the  discharge 
taking  place,  the  gun  recoils  on  tJie  trunnions,  along  tlio 
ascending  plane,  when  its  motion  is  presently  stopped.  After 
the  recoil,  the  gun  descends  on  the  plane  to  its  fonaor  position, 
wliere  it  rests  after  a  few  short  vibrations.     The  axis  of  tlie  gnu 


202  NAVAL  GUNNEKY.  Part  III. 

constantly  retains  a  paraUel  position,  so  that  the  pointing  docs 
not  require  readjustment  after  each  round. 

The  gun  was  worked  easily  by  eight  men,  apparently  without 
any  strain  on  the  carriage.  With  a  charge  of  8  lbs.,  and  with 
solid  shot,  the  recoil  was  about  3  feet,  and  the  trunnions  did  not 
reach  the  upper  extremity  of  the  incUned  plane,  though  the 
surface  was  greased. 

THE  ABM8TB0NG  OUK. 

241.  In  the  latter  part  of  tiie  year  ISM,  Mr.  William  George 
Armstrong  (now  Sir  William  George  Armstrong)  submitted  to 
the  Duke  of  Newcastle,  then  Minister  at  War,  a  proposal  for  a 
rifled  field-piece  on  a  new  principle,  and  undertook,  with  his 
Grace's  authority}  to  construct  a  gun  upon  the  plan  he  had  sug- 
gested. This  gun  was  completed  early  in  the  followvig  year 
(1855),  and  became  the  subject  of  a  long  course  of  experiments 
which  ultimately  led  to  the  general  introduction  of  the  weapon 
into  the  British  seryice. 

Sir  William  Armstrong's  first  gun,  and  the  results  obtained 
with  it^  were  described  by  him  in  a  letter  addressed  to  the  editor 
of  the  ^  Times,'  in  January  1856;  from  which  it  appeared  that 
the  gun  was  composed  internally  of  steel  and  externally  of 
wrought  iron,  applied  in  a  twisted  or  spiral  form  as  in  a  fowling- 
piece.  The  bca:6  was  about  two  inches  in  diameter,  and  rifled 
with  numerous  small  grooves.  The  projectile  was  a  j)ointed 
cylinder  6^  inches  long,  and  its  weight  w€is  5  lbs ;  it  was  made 
of  east  iron  coated  with  lead,  and  was  fired  from  the  gun  witli  a 
charge  of  ten  ounces  of  powder.  It  contained  a  small  cavity  in 
the  centre,  and  was  adapted  to  be  used  either  as  a  shot  or  as  a 
shell.  AVhen  applied  as  a  shell  the  cavity  was  filled  witli 
powder,  and  a  detonating  fuze  was  inserted  in  front  so  as  to  fire 
the  powder  on  striking  an  object  When  used  as  a  shot  tlie 
powder  was  omitted  and  a  plug  substituted  for  the  fuze.  Tlie 
gun  was  constructed  to  load  at  the  breech,  the  object  being  not 
only  to  obviate  the  disadvantage  of  sponging  and  loading  from 
the  front,  but  also  to  allow  the  projectile  to  be  larger  in  diameter 
than  would  enter  at  tlie  muzzle,  and  thus  to  ensure  its  taking  the 
impress  of  the  grooves  and  completely  filling  the  bore.     The 
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piece  weigbed  5  cwt.»  and  was  mounted  upon  a  carriage  which 
bore  a  genend  resemblance  to  that  of  an  ordinary  6-pounder 
field-gun,  except  that  it  embraced  a  pivot  frame  and  recoil  slide. 
A  screw  was  also  applied,  not  only  for  eleyating  and  depressing 
the  gun,  but  also  for  moving  it  horizontally,  by  which  means 
great  delicacy  of  aim  was  effected.  The  recoil  slide  had  an 
npward  inclination,  which  enabled  the  gun,  after  running  back, 
to  recover  its  position  by  gravity. 

Prior  to  that  time  the  gun  had  been  tried  under  official 
inspection,  on  the  .sea-coast,  near  Newcastle-upon-Tyne.  At 
a  distance  of  1500  yards,  and  with  an  elevation  of  4°  26',  a 
target  of  7J  feet  high  and  5  feet  wide,  had  been  struck  eight 
times  in  succession ;  and,  at  the  same  distance,  a  shot  had  been 
fired  quite  through  a  timber  butfc  3  feet  thick,  and  composed 
of  six  layers  of  rock  elm  so  as  to  form  a  solid  block. 

The  same  gun  had  also  been  used  with  great  success  at  a 
distance  of  3000  yards,  for  which  range  an  elevation  of  11°'  was 
found  sufficient. 

The  satisfactory  results  obtained  witii  this  small  gun  led 
to  the  construction  of  a  larger  one,  which  exhibited  the  advan- 
tages of  the  system  in  a  much  higher  degree.  In  this  second 
gun  the  steel  lining  was  dispensed  with  as  being  difficult  to 
manufactura  and  uncertain  in  its  soundness.  Instead  of  being 
internally  of  steel  and  externally  of  wrought  iron,  the  gun  was 
composed  entirely  of  the  latter  material ;  the  essential  feature  in 
its  mode  of  mann&cture  being  the  combining,  into  one  mass,  of 
tubes  made  from  iron  bars  twisted  into  a  spiral  form  and  welded 
by  hammering. 

The  weight  of  this  new  gun  was  12  cwt.,  and  its  projectile 
weighed  18  lbs.  The  arrangement  for  loading  at  the  breech 
was  the  same  as  in  the  first  gun,  and  may  be  described  as 
follows : — A  large  screw  was  inserted  in  the  breech,  and  had  a 
hole  through  it  forming  a  prolongation  of  the  bore^  Through 
this  hollow  screw  the  gun  was  sponged  and  loaded.  In  order  to 
close  the  breech  when  the  gun  was  loaded,  a  steel  stopper  was 
inserted  at  an  opening  in  the  upper  side  of  the  gun  and  was 
tightened  by  the  screw  against  the  end  of  the  bore.  The  vent- 
hole  for  firing  the  gun  was  contained  in  this  stopper.  Tlie 
handle  or  lever   for   working  the   screw   was   made   to   move 
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freely  through  half  a  circle  and  at  each  extremity  of  its  range 
to  act  like  a  hammer  against  a  stop  or  cluteh,  bo  that  a  blow 
might  be  given  in  either  direction  to  tighten  or  slacken  the 
screw. 

Figs,  16  and  17,  below,,  shew  the  exterior  of  a  12-pounder 
Armstrong  gun,  such  as  is  now  used  for  field  artillery,  and  fig.  18 
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is  an  end  view  of  tlie  same,  showing  the  hole  through  the  breech- 
screw  for  loading  and  sponging  the  gun.  These  guns  can  be 
fired  with  careful  aim  twice  in  a  minute,  and  fully  three  times 
per  minute  without  aim. 

The  following  description  of  the  Armstrong  gun,  as  now 
manufactured,  was  given  by*  Sir  WiUiam  in  the  discussion  which 
recently  took  place  at  the  Civil  Engineers',  Institute. 

"  The  gun  is  composed  wholly  of  wrought  iron,  and  the  promi- 
nent feature  in  its  manufacture  is  the  application  of  the  material 
in  the  form  of  long  bars,  which  are  coiled  into  spiral  tubes, 
and  then  welded  by  forging.  For  the  convenience  of  manufac- 
ture, these  tubes  are  made  in  lengths  of  from  2  to  3  feet,  which 
are  united  together,  when  necessary,  by  welded  joints.  From 
the  muzzle  to  the  trunnions  the  gun  is  made  in  one  thickness, 
and  is  therefore,  so  far  as  that  portion  is  concerned,  strictly 
analogous  to  the  barrel  of  a  fowling-piece.  Behind  the  trunnions 
two  additional  layers  of  material  are  applied.  The  external 
layer  consists,  like  the  inner  tube,  of  spiral  coils,  but  the  inter- 
mediate layer  is  composed  of  ii*on  slabs  bent  into  a  cylindrical 
form  and  welded  at  the  edges.  The  reason  for  this  distinction 
is,  that  the  intermediate  layer  hfts  chiefly  to  sustain  the  thrust 
on  the  breech,  and  it  is  therefore  desirable  that  the  fibre  of  the 
iron  should  be  in  the  direction  of  the  length,  while  elsewhere  in 
the  gun  it  is  more  advantageously  applied  in  the  transverse 
direction.  The  back  end  of  the  gun  receives  the  breech-screw, 
which  presses  against  a  moveable  plug,  or  stopper  for  closing  the 
bore.  This  screw  is  hollow,  and  when  the  stopper  is  removed 
the  passage  through  the  screw  may  be  regarded  as  a  prolonga- 
tion of  the  bore.  The  screw  is  turned  by  means  of  a  handle, 
which  is  free  to  move  through  half  a  circle  before  it  begins  to 
turn  the  screw.  It  has  thus  a  certain  amount  of  run,  which 
enables  it  to  act  as  a  hammer,  botli  in  tightening  and  slackening 
the  screw.  "  The  bore  is  3  inches  in  diameter,  and  is  rifled 
with  thirty-four  small  grooves,  having  the  driving  side  rect- 
angular and  radial,  and  the  opposite  side  rounded.  The  bore 
is  widened  at  the  breech  end  one-eighth  of  an  inch,  so  that 
the  shot  may  enter  freely  and  choke  at  the  commencement  of 
the  grooves. 
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"  The  projectile  (flgs.  19,  20)  coueista  of  a  very  thin  cast-iron 
shell,  the  interior  of  which  is  composed  of  forty-two  segment- 
Fit  i>  Bhaped  pieces  of  cast  iron,  built  np  in 
layers   aioond  a  cylindrical   cavity  in 
the  centre,  which  contains  the  bursting- 
charge  and  the  concussion  arrangenient. 
The  exterior  of  the  shell  is  thinly  coated 
wifli  lead,  which  is  applied  by  placing 
the  shell  in  a  mould,  and  pouring  melted 
lead  around  it    The  lead  is  also  allowed 
to  percolate  among  the  segments,  bo  as 
to  fill  np  the  intetstices,  the  central 
cavity  being  kept  open  by  the  insertion 
of  a  steel  core.    In  this  state  the  pro- 
jectile is  so  compact  that  it  may  be  fired 
through  six  feet  of  hard  timber  vriiliout 
injury ;  while  its  nuBtance  to  a  banting 
fiwce  is  BO  small,  that  less  than  one  ounce 
of  powder  is  sofficient  to  break  it  in 
pieces.    When  this  prctjectile  is  to  be 
used  as  a  shot,  it  requires  no  prepara- 
tion, bnt  the  expediency  of  using  it  in 
any  case,  otherwise  than  as  a  sheU,  ig 
much  to  be  doubted.    To  make  it  avail- 
able as  a  shell,  the  banting-tube,  the 
concussion  arrangement^  and  the  time- 
fiize,  are  all  to  be  inserted ;  the  bursting- 
tube  entering  first  and  the  time-fnze 
being  screwed  in  at  the  apex.     If  then 
the  time-fnze  be  correctly  adjusted,  the 
S  u.  Z  ^™^irk"i5Si'    BheU  will  burst  when  it  reaches  within  a 
'' D  ThI aX^c^it^fcr  ftir.1-  fcw  yardfl  of  the  object ;  or,  failing  tliat, 
i^-Tube  ™i^™«i«ioD.  .^  ^^  y^^^^  jjy  ^^  concusaion  arraugo- 
£  Screw  f,«Tta».Fn«^  mout,  whou  it  Strikes  the  object,   or 
grazes  the  ground  near  it.     Again,  if  it  be  required  to  act  as 
"eaiiiater,"  upon  an  enomy  close  to  the  gun,  the  regulator  of 
the  time-fuze  must  be  turned  to  zero  on  the  scale,  and  tlie  shell 
will  then  burst  at  the  instant  of  quitting  the  gun.     In  every 
cnsc  the  shell  on  bursting  spreads  into  a  cloud  of  pieces,  each 
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having  a  forward  velocity  equal  to  that  of  the  shell  at  the  instant 
of  fracture. 

"  The  explosion  of  one  of  these  shells  in  a  closed  chamber, 
where  the  pieces  could  be  collected,  resulted  in  the  following 
fragments : — 

"106  pieces  of  cast  iron,  99  Fia  ". 

pieces  of  lead,  and  12  pieces  of 
fuze,  &c, ;  making  in  aU  217 
pieces. 

"  The  construction  of  the  time- 
fuze  and  the  concussion  arrange- 
ment are  described  aa  follows : — 

"  The  body  of  the  time-fuze 
(fig.  21),  is  made  of  a  mixture  of 
lead  and  tin,  cast  to  the  required 
form,  in  a  mould.  The  fuze- 
composition  is  stamped  into  a 
channel  forming  nearly  an  entire 
circle  round  the  body  of  the  fuze, 
and  is  afterwai-ds  papered  and 
Tarnished  on  the  external  sur- 
faces. As  the  shell  fits  accurately 
into  the  gun,  there  is  no  passage  "^ 
of  flame  by  which  tie  fuze  could 
be  ignited.  That  effect  is  there- 
fore produced  in  the  following 
manner.  A  small  quantity  of  de- 
tonating composition  is  deposited 
at  the  bottom  of  the  cylindrical 
cavity  in  the  centre  of  the  fuze, 
and  above  this  is  placed  a  small 
weight,  or  striker  terminating  in 
a  sharp  point  preseuted  down- 
wards. Tins  striker  is  secured  in 
its  place  by  a  pin,  which,  when 
the  gun  is  fired,  is  broken  by 
reason  of  the  vis  inertia)  of  the  striker. 


p.  Tb«  Stiiter. 
KE.  TliaHDidiiigPln. 
F  F.  Tbe  FUum  PuHg*. 
G  a.  RavoJTlDff  CDV«r,  or  Rcgalatoi 

H.  IgnlUuff  iperture. 

1.  Chamber  tor  Pritnlng'rowdpT^ 
KK-TlghUDinECqi. 


Tlie  detonator  is  then 
instantly  pierced  by  the  point,  and  thus  fired.  The  flame  thus 
pro<luced  passes   into   an    annular   space,   formed   within  tho 
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rcTOlving  coTer,  wliich  rests  on  the  upper  surface  of  the  fuze- 
composition,  and  &om  this  anunlar  space,  it  is  directed  ontwardB, 
through  an  opening  so  as  to  impinge  on  and  to  ignite  the  fuze- 
composition,  at  any  required  part  of  the  circle.  The  fuze,  thus 
ignited,  bdhis  in  both  directions,  but  only  takes  effect  at  one 
extremity,  where  it  communicates  vifli  a  small  magazine  of 
powder  in  the  centre.  The  faze  is  surrounded  by  a  scale-paper, 
graduated  to  accord  with  the  elevation  of  the  gnn,  so  that  when 
the  range  of  a  distant  object  is  found  by  trial,  it  is  only  neces- 
sary to  turn  the  ^^ting  aperture  of  the  cover  to  the  point  on 
the  fuze-Bcale  corresponding  with  the  degrees  and  minutes  of 
elevation  on  llie  tangent-scale.  This  fiize  has  the  advantage  of 
being  capaUe  of  adjustment  and  re-adju9t- 
p  ment  any  number  of  times,  before  entering 
the  gnu,  and  the  officer  in  command  has 
the  opportunity  of  seeing  that  it  is  cor- 
rectly set,  at  the  moment  of  being  used. 

"  The  concnsaion-iuze  (fig.  23)  is  on 
nearly  the  same  principle.  A  striker  with 
a  pointy  presented  upwards,  is  secured  in 
a  tube  by  a  wire-fastening,  which  is  broken 
Q  ihe  firing  of  the  gun ;  the  striker,  being 
then  liberated,  recedes  through  a  small 
space,  and  rests  at  the  bottom  of  the  tube, 
but  as  soon  as  the  shell  meets  with  any 
check  in  its  motion,  the  striker  runs  for- 
ward and  pierces  the  detonator  in  front^ 
by  which  means  the  barstiug-charge  Is 
ignjied.     • 

■'■''''l^^j^^'''"'"^'"'"^'      "The  process  of  loading  is  effected  by 
EK.  tiiimei>Hug*i.  placing  the  projectile,  with  the  cartridge 

and  ft  greased  wad,  in  the  hollow  of  the  breech-screw,  and 
thrusting  them  either  separately,  or  collectively,  by  a  rammer, 
into  the  bore  (fig.  24,  opposite).  The  stopper  is  then  dropped 
into  its  place  and  secured  by  half  a  turn  of  tlie' screw.  Tlie  gun 
is  lircd  by  tlio  oniinary  friction-tulxi,  tlie  vent  being  contained 
ill  fho  stopper.  The  whole  operation  is  6iui[>k',  and  can  be  very 
rapidly  performed. 

•'  Til  the  early  grnis  it  was  nccessory  tliut  the  portion  of  the 
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bore  which  was  occupied  by  the  shot  should 
be  perfectly  clean,  otherwise  the  shot  would 
not  always  enter  its  place.  A  wet  sponge 
had  therefore  to  be  used ;  but  in  the  new 
guns,  now  issued  for  service,  a  slight  altera- 
tion in  the  bore  has  enabled  a  greased  wad 
to  be  employed  with  perfect  oSect,  in  sub- 
stitution of  the  wet  sponge.  The  gun  can 
now  be  fired  with  great  rapidity,  and  ap- 
parently for  any  length  of  time,  without 
being  sponged  at  all. 

"  The  reason  for  making  the  vent  in  the 
stopper  is,  that,  since  the  chief  wear  of  the 
gun  always  takes  place  at  the  vent,  it  is 
better  t^  make  it  in  a  part  which  can  be 
.  easily  replaced,  than  in  the  body  of  the  gun 
itself. 

"  The  breech-screw  being  internal  is 
never  exposed  to  injury,  nor  can  drifting 
sand,  or  dust,  ever  reach  the  oiled  surfaces, 
BO  as  to  impede  the  action  of  the  screw  by 
adhering  to  the  lubrication. 

"The  screw  is  t>f  small  diameter,  and 
the  few  inches  of  extra  length  in  the 
gun,  Required  for  its  reception,  cannot  be 
of  any  importance,  considering  that  any 
further  reduction  of  weight  is  prohibited 
by  recoil. 

"  The  stopper  is  secured  from  falling  by 
a  chain,  but  in  practice  it  is  preferred  to 
leave  it  loose.  The  man  who  fires  the  gun 
lifts  the  stopper  after  each  round,  and  in 
so  doing  only  occupies  tiire  that  would 
otlierwise  be  vacant.  A  duplicate  stopper 
accompanies  each  gun. 

"  The  form  of  carriage,  which  was  ori- 
ginally used,  is  represented  in  the  accom- 
panying diagram  (fig.  25,  overleaf).  It 
was  fitted  with  a  recoil  slide,  which  was 
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aflenvarda  abandonctl  for  fic'ld  gnus;  but  it  has  been  decided 
tliat  the  principle  should  be  retained  iu  ship  guns  {fig.  26, 
opposite).  It  is  a  point  of  great  importance,  tiiat  a  breecb- 
loading  gun  should  be  self-acting,  in  recovering  its  position 
after  recoil,  bo  as  to  obviate  the  employment  of  eo  many  men 
to  nm  out  the  gun.  A  traverBiug  movement  was  originally 
applied  to  the  Geld  carriages,  as  shown  in  the  diagram,  and  was 
found  to  afford  great  facility  in  laying  the  gim.  A  very  neat 
modification  of  this  traversing  movement  has  recently  been  con- 
trived in  the  Royal  Carriage  Department,  and  adopted  for  the 
field  cam't^es." 


The  greatest  range  which  has  yet  been  attained  with  the 
Armstrong  gnn  is  9175  yards,  or  nearly  5J  miles.  The  con- 
ditioua  which  are  chiefly  conducive  to  an  extended  range  are, 
a  small  bore  and  a  very  lengthened  projectile ;  but  the  more  a 
projectile  asaumes  the  character  of  a  bolt,  the  less  suitable  it 
becomes  for  a  shelL  Sir  William  Armstrong,  therefore,  de- 
precates any  further  increase  of  range  at  expense  of  efficiency 
in  the  shell ;  and,  indeed,  it  may  *ell  be  doubted  whether  an 
extension  of  range  beyond  a  distance  of  five  miles  would  prove 
of  any  practical  utility. 

The  following  is  an  example  of  practice  with  the  Armstrong 
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12-pounder  field  gun  of  8  cwt.,  at  an  angle  of  5°  and  with  a 
charge  of  1  lb.  8  oz. 


No. 

Range. 

Deflection. 

^ 

Left. 

Rigjit 

Yards. 

* 

1 

1920 

•  ■ 

1  ft. 

2 

1910 

•  • 

1  ft 

3 

1909 

In  line. 

4 

1923 

1  ft. 

5 

1945 

3  ft. 

6 

1923 

3  ft. 

7 

1906 

3  ft.  . 

8 

1911 

3  ft. 

9 

1903 

2  ft. 

10 

1921 

4  ft. 

11 

1918 

2  ft. 

12 

1924 

6  ft. 

The  above  practice  was  made  with  the  ordinary 'shell  adapted 
for  this  gun,  and  the  minimum  charge.  By  increasing  the 
charge,  and  using  a  longer  projectile,  the  same  range  is  attained 
with  less  elevation,  but  the  recoil  becomes  too  severe  upon  the 
carriage  for  long  continued  firing. 

The  projectiles,  as  now  used  for  these  guns,  are  in  all  eases 
made  of  cast  iron,  thinly  coated  with  lead,  and,  being  of  somewhat 
larger  diameter  than  the  bore,  the  lead  is  crushed  into  the 
grooves ;  by  means  of  which  the  necessary  rotation  is  given,  while 
all  shake  and  windage  are  prevented. 

The  projectile  for  field  service  admits  of  being  used  indif- 
ferently as  solid  shot,  shrapnel  shells,  or  canister  shot.  It  is 
composed  of  separate  pieces,  so  compactly  bound  together  that 
it  has  been  fired  through  a  mass  of  oak  timber  9  feet  in  thick- 
ness without  sustaining  fracture.  When  used  as  a  shell  it 
divides  into  the  number  of  pieces  of  iron,  lead,  and  fuze  stated 
in  p.  207.  It  combines  the  principle  of  the  shrapnel  and 
of  the  percussion  shell :  thsPt  is,  it  may  be  made  to  explode 
either  as  it  approaches  the  object  or  as  it  strikes  it.  The  shock 
which  the  projectile  receives  in  the  gun  puts  the  percussion 
arrangement  as  it  were  from  half-cock  to  full-cock,  and  it  then 
becomes  so  delicate  that  it  will  burst  by  striking  even  a  bag  of 
shavings.     It  may  also  be  made  to  explode  at  the  instant  of 
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leaving  the  gun,  in  which  case  the  pieces  produce  the  usual 
effect  of  grape  or  canister. 

For  breaching  purposes  or  for  bursting  in  the  side  of  a  ship,  a 
different  construction  of  shell  is  adopted.  The  object  in  that 
case  being  to  introduce  the  largest  possible  charge  of  powder, 
the  projectile  used  is  simply  a  hollow  shot^  and  from  its  length 
and  form  is  capable  of  containing  a  much  larger  bursting  charge 
than  is  compatible  with  a  spherical  form  of  the  same  diameter. 

The  largest  gun  which  has  yet  been  completed  upon  Sir 
William  Armstrong's  principle  is  one  of  65  cwt.,  which  although 
only  designed  to  throw  a  projectile  of  80  lbs.,  has  been  fre- 
quently tried  with  a  shot  weighing  upwards  of  100  lbs. 

Early  in  the  course  of  his  experiments.  Sir  William  Armstrong's 
attention  was  directed  to  the  improvement  of  the  sights,  as  the 
means  of  aiming  guns  previously  employed  were  obviously  not 
sufficiently  delicate  for  a  gun  having  57  times  their  accuracy. 
The  sights  which  he  has  introduced  present  many  peculiarities. 
The  eye-piece  of  the  tangent-scale  is^n  the  form  of  a  cross  slit, 
and  has  a  traversing  movement  for  correcting  the  effect  of  side 
wind.  The  vertical  and  lateral  movements  of  the  sight  are  each 
regulated  by  means  of  a  vernier  which  enables  the  scale  to  be 
read  off  to  one  minute  of  a  degree  both  for  elevation  and 
deflection. 

With  regard  to  the  strength  of  the  Armstrong  guns  to  resist 
explosion,  the  12-pounders  have  been  proved  by  filling  the 
chamber  with  powder  (about  2J  lbs.),  and  using  a  shot  of  double 
the  service-weight  In  the  case  of  the  40-pounders,  it  is  in- 
tended to  apply  doublfe  charges  and  single  shot.  To  provide 
for  a  large  charge  of  powder,  it  is  only  necessary  to  reduce  the 
lead  on  the  shot,  so  as  .to  allow  it  to  enter  further  into  the 
bore.  Sir  W.  Armstrong  believes  the  strength  of  his  guns  to  be 
enormously  in  excess  of  these  charges,  the  object  of  the  proof 
being  rather  to  detect  defects  in  the  surface  of  the  bore  than 
the  resistance  to  bursting,  which  he  considers  to  be  almost 
uniform  in  aU  guns  constructed  on  his  principle. 

It  is  but  right  to  state  that  Sir  William  Armstrong  gratuitously 
ceded  to  the  public  the  whole  of  his  inventions  appertaining  to 
this  subject;  but,  it  being  deemed  desirable  that  the  task  of 
carrying  them  into  practice  should  be  committed  to  his  charge, 
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he  was  appointed  in  the  first  instance  Engineer  for  Bifled 
Ordnance,  and  subsequently  Superintendent  of  the  Koyal  Gun 
Factories,  in  which  latter  capacity  he  now  continues  to  act 

THE   WHITWORTH   GUN. 

242.  The  method  of  rifling  adopted  by  Mr.  Whitworth,*  consistB 
in  making  the  barrel  of  the  gun  of  a  hexagonal  spiral  foam,  by 
which  rotation  is  impressed  upon  the  projectile  by  effectiye  rifling 
surfaces,  instead  of  by  spiral ^roai^  and  the  non-effectiye  ''lands" 
of  a  cylindrical  bore.  The  projectiles  being  of  the  same  hexagonal 
form  externally  as  the  bore  is  internally,  and  no  forcing  process 
required,  metals  of  all  degrees  of  hardness  may  be  employed, 
and  slowly-igniting  powder,  like  that  of  the  general  serrice,  used. 

This  simple  and  very  beautiful  mechanical  principle  admits 
of  application  to  firearms  of  every  description,  provided  they  are 
of  sufficient  strength  to  resist  the  strains  put  upon  them  by  the 
rifling  principle. 

Mr.  Whitworth  first  applied  his  system  to  rifle-muskets,  and 
with  a  degree  of  success  of  which  a  ftdl  account  will  be  found  in 
Sects.  595,  596,  597.^ 

The  great  strain  put  upon  a  gun  rifled  in  the  ordinary  manner, 
at  the  instant  of  discharge,  is  occasioned  by  the  force  exerted  npcm 
the  projectile  to  overcome  its  natural  vis  inertise,  together  witb 
the  force  required  to  cause  the  soft  metal  of  which  the  projectQe 
is  formed,  or  with  which  it  must  be  coated,  to  enter  into  the 
grooves  of  the  barrel ;  whereas  by  the  system  of  rifling  by  sur- 
faces, and  not  by  grooves,  the  projectile,  not  being  forced  into 
another  form,  is  so  easily  set  in  motion  that  it  may  be  pulled 
out  of  the  gun  by  a  slender  twine. 

In  stating  this,  ^Ir.  ^^^litwo^th  appears  to  imagine  that  the 
recoil  of  a  gun  is  proiluced  by  the  reaction  of  the  force  impressed 


•  To  ^Ir.  Liincastor  is,  unquestionably,  due  the  credit  of  being  the  inventor 
of  the  new  principle  of  ritlinsi,  which  consists  in  renouncinsx  the  method  of 
sjnml  grooves  in  a  cylindrical  gun,  and  substituting  the  riding  surfaces  of  a 
spiral  lx>re  of  another  geometrical  figure  :  he  ch^W  the  elliivjo,  but  this  has 
provotl  a  failure,  as  shown  in  Art.  108  ;  soi^  also  ApiH?ndix  II  to  the  4th 
edition  of  this  work.  Mr.  Whitworth  improved  this  system  of  rifling  by 
adopting  a  |X)lygonal  (hexagonal)  lK>re.  '  ° 

^  Mr.  Whitworth  is  now  preparing  brcix^h-Uxiding  ritled  muskets,  which 
there  is  every  rejison  to  Ivlieve  will  prove  still  mon>  su|vrior  to  other  riflcil 
niusk.'ts  in  accuracy,  lonith  of  range,  and  iHMietrating  |xnver,  than  liis  mouth- 
loading  ritled  musk«ts  used  in  the  practict-gTOun<l  at  Hytlie  in  ISoO. 
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upon  the  projectile  to  drive  it  through  the  contraction  of  the 
bore.  But  this  is  an  erroneous  supposition  (Art  72).  The 
recoil  is  not  affected  by  any  degree  of  resistance  or  impedi- 
ment to  the  passage  of  the  shot  along  the  bore.  Different 
degrees  of  ramming,  stout,  thick,  and  tight  wads,  one  placed 
between  the  charge  and  the  shot,  another  over  the  shot,  rammed 
home  with  various  degrees  of  force,  make  no  sensible  alteration 
in  the  initial  velocity,  as  determined  by  the  ballistic  pendulum, 
or  by  the  oscillating  gun.  The  velocity  of  the  recoil  of  the  gun 
is  to  the  initial  velocity  of  the  shot,  inversely  as  the  weight  of 
the  gun  and  carriage  is  to  that  of  the  shot^  as  shown  by  the 
formulsB  in  Art,  72-  The  resilition  or  springing  back  of  the 
Whitworth  gun  is  less  than  that  of  the  lighter  Armstrong  gun, 
because  the  weight  so  driven  back  is  greater,  and  therefore  the 
velocity  and  length  of  recoil  less.  It  remains  to  be  seen  what 
the  recoil  of  Mr.  Whitworth's  breech-loading  gun  will  be,  com- 
pared with  that  of  the  Armstrong  gun,  in  the  forthcoming  trials 
to  test  the  compju^tive  merits  of  the  rival  guns. 

Mr.  Whitworth  entirely  eschews  the  method  of  giving  an 
increasing  turn  or  twist  to  the  spiral  of  the  bore  as  obviously 
dangerous,  by  causing  increasing  strains  upon  the  gun,  in  the 
chase  and  at  the  muzzle,  just  where  the  diminishing  thickness 
of  metal  in  the  gun  requires  relief;  and  to  which  malformation 
of  the  Lancaster  gun,  may  be  attributed  the  frequent  burstings 
of  that  gun  at  or  near  the  muzzle,  which  occurred  in  numerous 
experimental  trials,  and  subsequently  happened  on  service  at  the 
attack  of  Sevastopol :  where,  on  one  occasion,  the  whole  muzzle 
of  a  gun  was  blown  off  by  the  increasing  strains  thus  put  upon  it ; 
having  got  rid  of  which  weak  part,  the  gun  continued  to  be  used 
with  safety  and  effect  as  a  howitzer. 

Mr.  Whitworth  predicted,  truly  as  it  has  since  appeared,  that 
iron  guns,  cast  in  solid  masses,  would  be  found  incapable  of  resist- 
ing the  great  strains  to  which  rifled  cannon  are  subject ;  it  being 
well  known  that  great  inequalities  in  the  physical  structure  of 
the  metal  are  produced  during  the  process  of  cooling ;  and  that 
beyond  a  certain  limit,  little  or  no  increase  of  strength  is  given 
to  the  gun  by  increasing  its  thickness  of  metal. 

Notwithstanding  these  misgivings  as  to  the  capability  of 
a  gun,  formed  of  cast  iron  in  the  usual  manner,  to  bear  the 
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additional  strain  put  upon  it  when  converted  into  a  rifled 
camion,  Mr.  Whitworth  was  induced  to  apply  his  system  to 
the  unbored  block  of  an  ordinary  68-pounder  gun  of  95  cwt, 
for  trial  against  the  "Alfred"  frigate  in  1858,  the  sides  of 
which  were  covered  with  plates  of  various  descriptions  of 
metal,  and  of  different  thicknesses  (Art.  391). 

The  gun  used  in  those  experiments  was  externally  of  the  same 
dimensions  as  the  service  68-pounder,  but  somewhat  heavier, 
owing  to  the  hexagonal  bore  being  smaller.  The  gun  was  rifled 
in  the  same  manner  as  the  Whitworth  24:-pounder  howitzer,  but 
the  turn  of  the  spiral  was  1  in  100  in.  The  diameter  of  the  bore, 
measured  from  face  to  face  of  the  hexagon,  was  5  in.  and  from 
angle  to  angle  5^  in.;  the  windage  at  the  mouth  of  the  gun 
3^  in. ;  the  projectiles  were  formed  of  solid  cast  iron — some  were 
hardened  at  the  point ;  the  projectiles  were  from  11.7  to  12.7 
in.  in  length,  their  diameter  at  the  points  4.7  in.,  and  at  the  base 
5  in.,  their  weight  80  lbs. 

The  result  of  these  experiments  confirmed  the  apprehensions 
entertained  by  Mr,  Whitworth,  of  the  inability  of  the  gun  to 
resist  the  additional  strain  put  upon  it  by  converting  it  into 
a  rifled  cannon  (Art  395)  ;  whilst,  on  the  other  hand,  the 
results  of  the  trials  Mly  realized  the  expectations  he  entertained 
of  the  vast  penetrating  power  of  his  flat-headed  hexagonal  shot 
(Arts.  392,  393). 

The  untoward  results  of  the  bursting  of  the  gun  (Art.  394),  and 
of  the  jamming  of  the  shot  in  the  bore  in  the  operation  of  load- 
ing (Art.  393,  p.  400),  which  no  doubt  arose  from  inequalities 
in  the  metal  of  which  it  was  formed,  and  mjBchanical  imperfec- 
tions in  the  conformation  of  the  gun  or  shot,  threw  Mr.  Whit- 
worth back  in  the  prosecution  of  his  experiments  by  the  necessity 
of  preparing  guns  of  his  own  manufacture,  made  of  wrought  iron, 
of  strength  suflScient  to  resist  any  strain  that  might  be  put  upon 
them,  and  to  prepare  projectiles  so  mechanically  exact  as 
eSectually  to  prevent  the  recurrence  of  any  such  failures. 
These  great  objects  he  appears  to  have  fully  accomplished  by 
the  experiments  at  Southport  with  his  new  breech-loading  hexa- 
gonal guns  which  we  are  now  to  describe,  viz.,  liis  3,  12,  and 
80-poimders. 

The  length  of  the  3-pounder  is  6  ft.,  its  weight  208  lbs.,  the 
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diameter  of  its  "bore  IJ  in.  The  length  of  the  .12-poundeT  is 
7  ft.  9  in.,  the  weight  8  cwt,,  the  dJEmeter  of  ita  bore  3J  in.  The 
length' of  the  bore  of  the  SO-pounder  is  9  ft.  10  in.  The  space 
occupied  by  the  charge  and  projectile  is  16  in.,  which  reduces  the 
length  of  the  effective  rifling  surfaces  to  8  ft.  6  in.  The 'weight 
of  the  80-pounder  is  4  tons,  and  the  digmeter  of  the  bore  5  in. 

The  breech  ia  closed  when  the  gun  is  loaded,  by  a  cap  (fig.  27, 
below),  which  works  in  an  iron  hoop,,  jointed  to  a  projection 
at  the  side  of  the  breech,  and  which,  when  turned  to  ita  proper 
place,  is  screwed  externally  to  the  breech-piece,  in  the  manner 
shown  in  fig.  28,  below. 
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To  open  the  breech,  the  cap  is  unscrewed  and  turned  aside, 
leaving  the  bore  of  the  gun  open  and  clear  from  end  to  end. 
The  projectile  is  then  placed  in  the  gun,  and  the  charge  of 
powder,  contained  in  a  tin  case,  pushed  in  behind  it  as  shown  in 
fig.  28.  The  bree6h-cap  is  then  shut  and  firmly  closed  by  three 
turns  of  the  handles  which  work  the  screw.  The  vent  lies  in  the 
centre  of  the  breech-piece,  and  the  gun  is  fired  by  an  ordinary 
friction-tube. 

The  Whitworth  guns  iu*e  all  made  in  masses  of  homogeneous 
iron,  and  bored  out  of  the  solid.  The  large  guns  are  strengthened 
by  wrought-iron  hoops  applied  by  hydraulic  pressure. 

The  projectiles  are  simple,  uncoated,  hard-metal  bolts  of 
various  shapes,  according  to  the  purpose  for  which  they  are 
employed.  They  are  all  made  by  self-acting  machinery,  and  so 
nicely  shaped  that  their  bearing  surfaces  fit  with  the  utmost 
exactitude,  the  rifling  principle  being  executed  by  machinery  in 
the  workshop,  and  not  produced  by  the  explosion  in  the  gun. 

For  firing  through  soft  substances  and  into  masonry,  tubular 
projectiles  are  employed ;  for  piercing  thick  plates  of  wrought 
iron,  flat-fronted  projectiles,  made  of  homogeneous  iron,  are 
used. 

For  ordinary  practice,  and  where  length  of  range  is  im- 
portant,  the  fore  part  of  the  projectile  is  made  to  taper  slightly, 
the  front  being  rounded  oif,  and  the  rear  part  is  made  nearly  to 
correspond  with  the  fore,  with  regard  to  the  degree  of  taper,  but 
its  end  is  flattened,  and  sometimes  slightly  hollowed  oui.  The 
importance  of  establishing  a  proper  relation  as  to  shape  and 
relative  weights  of  the  fore  and  hind  part  of  a  projectile,  is 
apparent  from  the  fact  that  a  projectile  which  is  so  made  gives 
an  increased  range  of  more  than  25  per  cent.,  as  compared  with 
one  with  a  similarly  shaped  front  and  the  ordinary  cylindrical 
rear. 

In  the  Whitworth  gun  projectiles  of  any  length,  and  charges 
of  powder  of  any  amount,  may  be  employed.  It  is  said  that  the 
^^^lit worth  3-pounder  fired  oflf  10  shots,  placed  one  on  another; 
and  that  a  projectile  10  diameters  in  length  was  fired  from  a 
howitzer  rifled  according  to  the  Whitworth  system,  without 
injury  to  the  gim. 


Sbct.  V. 
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Table  L— Banges  obtained  at  Southfort,  Feb.  15th  and  17tb,  1860,  of  a 
3-poimder  Whttworth  Gun,  length  6  ft,  weight  208  lbs.,  diameter  of  bore 
1}  in.,  charge  7}  oz.,  at  the  undermentioned  angles  of  elevation. 


Angles  of 
Elevation. 


8Q 


lOO 


20° 


850 


TazdB 
Bange. 


Deviat  ion  from 
line  of  Fire.' 


1607  ..'     ..     ..  }  yard  to  the  nght 

1593  ..      ..     ..  line. 

1589  ..      ..      ..  Line. 

1588 1  yard  to  the  right. 

1577  i 

1575 } 

1573 } 

1568  2 

1552  i 

4171  6  yaids  to  the  left. 


*  f 
t  * 
• » 


4179 
4224 
4122 
6760 
6784 
6720 
6910 


4 

5 

2 

5 

12 

•14} 

2 


>  > 
*  f 


8907     22  yards  to  the  right. 

8930     ..      ..      ..  10  yards  to  the  left. 


9059 
9164 
9688 
9645 
9611 
9547 
9503 
9463 


11  yards  to  the  right. 
23} 


34 
31 
89 
57 

72 
58 


»» 

f  f 
f  f 
I  > 
f  f 


Table  II. — ^Ranges  of  a  3-pomider  Whitworth  Gun,  at  20^  Eleyation,  , 

Charge  7|  ozs.  of  Powder. 


Tarda 
Bange. 


Deviation  from 
Line  of  Fire. 


6818       26  yards  to  the  left. 


6749 
6602 
6556 
6511 
6561 
6316 
6469 
6339 


27 
54 
35 
34 
20 
20 
11 
12 
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Table  III.— Ranges  of  a  12-pounder  Whitworth  Gon  ;  length  7  ft.  9  in.,  weight 

8  cwt.,  diameter  of  bore  3J  in.,  with  a  chatge  of  1}  lbs.  of  powder,  at  eleva- 
tions of  2°,  5^,  and  lO^* 

Angle  of  Tarda  Deviation  from 

Elevation.  Kange.  Line  of  Fire. 

2^       ,,     ,,     .,  1280       J  yard  to  the  right 

,,       1270       i  yard  to  the  left. 

1257       h            ♦.      * 

1254       1 J  yard  to.  the  right. 

1208       i 

5^       2342       4  yards  to  the  left. 

,,        2321       On  the  line. 

,,       2326       I  yard  to  the  right. 

,,       2333       2  yards  to  the  left. 

2298  .:     ..      ..  lyard 

10^       3942       15  yards  to  the  right 

4120       13 

4011       7 

, 4002       16 

,,        4059       9 


f  t 


1  * 


Table  IV.— Ranges  of  an  80-pounder  Whitworth  Gun  ;  weight  4  tons,  with 
a  charge  of  10  lbs.  of  powder,  and  a  solid  shot  of  90  lbs.  weight,  at  elevations 

of  5°,  70,  and  lO©. 

Angle  of  Tarda                                         Deyiation  from 

Elevation.  Range.                                            Line  of  Fire. 

50      2544       5  yards  to  the  right 

, 2604       2 

70      3503       4^ 

,,       3498       6  ,, 


3487       6^ 

3482       6} 


»f 


»»  ••        ••         ••  *f-xo^ vy  I, 


10^      4700       5 

„       4409       6 


Tlie  author  regrets  that  his  application  to  Mr.  Whitworth  for 
an  authentic  description  of  his  hexagonal  gun,  illustrated  by 
diagrams,  and  the  results  of  the  experimental  trials  at  Southport, 
has  not  been  complied  with.  The  printing  of  this  work  is  so  far 
advanced  as  not  to  admit  of  further  delay.  The  preceding 
description  of  his  method  of  rifling,  and  of  his  guns,  is.  com- 
piled from  his  work  on  *  Mechanical  Subjects,'  p.  73,  Article  on 
Jlifled  Fire-armSy  and  from  the  reports  of  ranges  obtained  by 
his  guns  at  Southport,  which  appeared  in  the  *  Times '  and  other 
public  journals. 
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Whilst  these  sheets  were  passing  through  the  press,  the  re- 
sults of  the  experiments  to  test  the  penetrating  powers  of  the 
Whitworth  hexagonal  80-pounder  shot  against  the  floating  bat- 
tery "  Trusty,"  covered  with  wrought-iron  plates  4 J  in.  thick, 
reached  the  author.  These  trials  confirmed  the  vast  penetratmg 
power  of  flat-fronted  hexagonal  shot  fired  from  the  Whitworth. 
hexagonal  80-poimder,  which  had  been  evinced  in  the  experi-^ 
ments  against  the  ^'Alfred,"  as  stated  in  page  216,  and  that 
without  the  slightest  injury  to  the  gun. 

The  first  shot,  fired  with  a  charge  of  12  lbs.,  passed  through 
the  "  Trusty's"  side,  making  a  clean  hole.  The  next  shot,  fired 
with  a  charge  of  14  lbs.,  passed  completely  through  the  side — 
making  a  clean  hexagonal  hole — into  the  main  deck,  smashing 
an  iron  knee  and  driving  in  with  it  splinters  of  wood  and  iron. 
Another,  shot  fired  with  the  same  charge,  though  the  hit  was 
oblique,  passed  through  the  iron  sides,  and  struck  the  end  of  a 
deck  beam,  in  which  it  lodged.  Another  shot  pierced  the  centre 
of  a  plate  into  the  main  deck,  driving  in  a  mass  of  splinters, 
and  a  large  iron-bolt,  which  had  evidently  been  driven  through 
and  whirled  about  by  the  force  impressed  upon  it  by  the  rapid 
rotation  of  the  projectile.  These  interesting  experiments  com- 
pletely establish  the  penetrating  powers  of  the  Whitworth  flat- 
headed  hexagonal  shot  at  short  ranges  to  be  superior  to  those 
of  any  other  gun  or  projectile  hitherto  produced.  The  recoil 
from  Whitworth's  breech-loading  gun  is  not  more  than  from 
his  muzzle-loader,  and  is  pronounced  on  competent  authority  to 
be  moderate. 


ON  THE  RESPECTIVE  CAPABILITIES  OF  THE  ARMSTRONa 

AND  WHITWORTH  GUNS. 

243.  The  comparative  value  and  importance  of  the  Armstrong 
and  Whitworth  guns  (so  essentially  different  in  construction, 
dimensions,  faculties,  and  aptitudes,  that  they  cannot  be  equally 
adapted  to  all  the  requirements  of  general  service)  can  only  be 
correctly  estimated,  fairly  judged, — in  so  far  as  they  satisfy  re- 
spectively the  well-established  principles  and  practical  maxims 
of  gunnery,  which  the  reader  of  the  present  and  previous  edi- 
tions of  this  work  will  find  fully  laid  down  in  the  articles  to 
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which  reference  is  made  in  the  present  work, — and  their  real- 
service  uses  proved  by  actual  experiment  and  protracted  trials, 
under  circumstances  resembling,  as  much  as  possible,  the  services 
and  vicissitudes  of  war. 

To  project  a  bolt  of  iron  of  3  lbs.  weight  fix)m  a  gun  whose 
calibre  is  1^  in.,  to  a  distance  of  9000  or  10,000  yards,  is  a 
wonderful  feat ;  and  has  been  so  regarded  by  the  unskilled  in 
the  science  and  practice  of  gunnery — as  if  the  question  at  issue 
were  the  distance  to  which  a  shot  could  be  projected,  at  eleva- 
tions producing  the  maximum  range.  But  this  is  not  the  subject 
of  inquiry. 

A  gun  possessing  such  vast  power  of  range  as  that  exhibited 
in  the  experiments  at  Southport,  must  have  a  commensurate 
long  range  at  small  elevations ;  but  here,  too,  range  is  not  the 
question,  unless  it  be  coupled  with  efficiency.  The  r^  ques- 
tion  which  experience  has  to  consider,  is  the  actual  practical 
value  of  extreme  ranges  produced  by  maxima  elevations  for  ex^ 
ceptionalpnrpoeeB,:iiied^ththe  far  more  important  object, 
— ^a  gun  fully  efficient  for  battle  purposes  of  every  description 
at  small  or  minima  elevationa  K  anything  essential  to  the 
efficiency  of  a  gun  be  sacrificed  to  the  special  and  exceptional 
object  of  attaining  the  greatest  possible  range  at  the  highest 
elevation,  which  undeniably  is  the  case  with  respect  to  the  con- 
struction of  the  Whitworth  small-calibred  80-pounder,  should 
that  inaptitude  for  shell-firing  be  retained  or  modified?  No 
experienced  and  ^kilM  artillerist,  naval  in  particular,  will 
hesitate  as  to  the  answer  he  would  give  to  that  question.  It 
would  therefore  be  a  great  waste  and  misapplication  of  pro- 
jectile power,  to  use  any  gun  in  the  manner  exhibited  by  Mr. 
Whitworth,  in  the  trials  made  of  his  guns  at  Southport  The 
range  of  upwards  of  9000  yards  was  obtained  at  35°  of  ele- 
vation! A  24-pounder  gun,  at  its  maximum  potential  eleva- 
tion, would  project  its  shot  to  the  distance  of  5180  yards 
(Art.  95) ;  but  no  one  ever  imagined  or  heard,  in  these  days,  of 
so  pn^i^osterous  a  misapplication  of  tliat  very  efficient  shot-gim. 
No  projectiles  but  shells  should  bo  used  in  vertical  firing  at  high 
(Novations.  The  French 'howitzer,  used  at  the  attack  of  Cadiz, 
threw  its  shells  to  a  distance  of  upwards  of  three  miles  into- 
that  city;  but  their  cavities  being  filled  with  lead,  to  obtain. 


Sect.  V.  COMPARATIVE  STATEMENT.  223 

that  great  range  with  a  suitable  increase  of  charge  (Art  102, 
Note  %  p.  71,  and  Art  193),  did  little  or  no  harm  to  the  place, 
beyond  crushing  or  breaking  through  what  they  hit  or  fell 
upon. 

A  sTiot  projected  to  a  distance  of  9000  or  10,000  yards  is 
utterly  worthless;  but  a  shell  projected  to  that  distance  by  a 
piece  of  ordnance  of  calibre  (capacity)  sufficient  for  effective 
shell-firing,  and  exploding  at  the  right  moment,  gives  a  pro- 
digious power  of  bombardHient  of  very  great  importance,  and 
may  efficiently  perform  the  office  of  a  mortar-shelL  Here  the 
inferiority  of  the  Whitworth  5-in.  bore  to  that  of  the  7-in, 
Armstrong  80-pounder  is  obvious.  Power  of  range  has  been 
much  vaunted,  as  if  that  were  the  only  thing  required,  and 
has  raised  yery  exaggerated  expectations  of  the  paramount 
power  of  the  Whitworth  guns  to  destroy  an  arsenal  9000  or 
10,000  yards  distant ;  but  this  can  only  be  done  by  powerful 
shells,  and  a  tubular  projectile  of  5-in.  internal  diameter  must, 
in  order  to  contain  efficient  bm^ting-charges^  be  so  elongated 
as  to  act  very  imperfectly  as  a  shell,  because,  as  Sir  W.  Arm- 
trong  states,  although  the  conditions  of  a  small  bore  and  a 
very  lengthened  projectile  are  conducive  to  extended  range,  a 
very  elongated  projectile  assumes  the  character  of  a  bolt,  and 
will  be  less  efficient  as  a  shell  the  more  the  projectile  is 
elongated. 

The  great  penetrating  power  of  the  Whitworth  rifled  musket 
is  owing  to  ^the  smallness  of  the  bore  (see  Art.  597) ;  but  it 
must  not  be  concluded  from  this,  that  the  principle  of  small 
bore  should  be  applied  to  rifled  cannon.  A  very  small  clean 
hole  made  into  or  through  the  body  of  a  man  or  of  a  horse 
suffices :  not  so  with  respect  to  an  aperture  to  be  made  in  the 
body  of  a  ship.  The  hole  should  be  large  and  ragged,  and 
therefore  the  diameter  of  the  projectile  as  great  as  is  con- 
sistent with  the  requisite  form  of  an  elongated  projectile. 

The  maxima  ranges  of  guns,  in  the  modem  uses  of  ar* 
tillery  (and  which,  in  the  first  uses  of  artillery,  were  generally 
employed  on  account  of  the  waM  of  strength  in  the  guns  of  that 
day  to  use  large  charges),  have  been  entirely  given  up  (Arts.  83 
and  93),  and  their  uses  limited  to  that  which  is  now  called  hori- 
zontal firing.     The  great  object  in  the  modem  science  and  prac- 
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tice  of  gunnery,  is  to  construct  guns  possessing  in  the  greatest 
degree  power  of  range,  precision,  and  penetrating  force  (Arts.  133 
and  141),  with  the  greatest  possible  point-blank  range,  the  tra- 
jectories of  which  shall  be  as  low  or  flat  as  possible  (Art.  268 
and  270,  Note  ^  p.  264). 

The  effect  of  a  shot  does  not  depend  so  much  upon  the  angle 
at  which  it  is  projected,  as  on  that  at  which  it  impinges  on  the 
field  or  flood  of  action. 

In  vertical  firing  with  shot  at  higU  angles,  the  trajectories  are 
80  elevated  that  the  projectiles  can  produce  no  intermediate 
effect  upon  the  field  of  action,  and  fall  to  the  ground  under 
so  high  an  inclination  that  they  can  hit  but  a  point  on  the  plane, 
and  there  can  be  no  secondary  effect  by  ricochet. 

There  is  a  peculiar  inaptitude  in  elongated  rifled  pro- 
jectiles, disqualifying  them  from  being  used  in  vertical  firing, 
which  increases  with  the  elevation  above  point-blank.  This  un- 
fitness for  vertical  firing  consists  in  the  fact,  that  an  elongated 
shot  continues  throughout  its  flight  to  move  in  positions  parallel 
to  that  in  which  rotation  was  impressed  upon  it  while  in  the  gun, 
so  long  as  rotation  acts  with  suflScient  intensity :  when  the  spinning 
motion  ceases,  the  projectile,  like  the  oblong  shot,  becomes  the 
most  errant,  and,  excepting  at  very  close  quarters,  the  most  in- 
efficient of  all  projectiles,  and  has  accordingly  fallen  into  disuse. 
No  other  method,  than  that  of  rotation,  has  yet  been  discovered 
by  which  to  keep  conical  shot  steady  to  their  flight  in  the  direc- 
tion of  their  longitudinal  axes  (see  Arts.  195,  196).  Oblong 
shot  tumble  over,  or  strike  with  their  side,  because  they  are  not 
made  to  rotate.  The  Hale  rotating-rocket  (Art  340)  loses  its 
directing  power  as  soon  as  the  composition  by  which  rotation  as 
well  as  range  is  produced,  ceases.  The  common  rocket  moves 
with  its  point  foremost  so  long  only  as  the  stick  remains  to 
perform  to  the  rocket  the  oflSce  which  the  feather  does  to  the 
arrow ;  but  when  the  stick  is  broken,  which  it  very  often  is  in 
the  grazes  of  horizontal  firing,  the  body  of  the  rocket  performs 
the  antics  of  a  squib. 

Captain  Thistle,  of  the  United  States'  army,  proposed  to  pro- 
duce rotation  in  a  shot  of  conoidal  figure  by  cutting  curvilinear 
grooves  on  its  convex  surface ;  but  the  rotation  not  being  suffi- 
cient to  cause  the  projectile  to  move  with  its  point  foremost,  it 
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turned  over  several  times  in  its  flight  in  a  range  of  1000  yards, 
and  so  proved  a  total  failure  (Art.  195).  Dr.  Minesinger  ex- 
hibited at  Woolwich  in  1849  an  oblong  shot  or  shell  with  a 
four-grooved  tail,  resembling  the  first  screw-propellers  with  four 
leaves,  by  which  to  produce  rotation,  and  by  resistance  behind 
to  tend  like  the  feather  of  an  arrow  to  keep  it  straight ;  but 
this  proved  a  decided  failure.  There  is  no  other  method  by 
which  to  impress  efiScient  rotation  upon  a  projectile  than  by 
being  forced  through  the  bore  of  a  rifled  gun. 

At  ranges  within  point-blank,  the  elongated  shot,  moving  in  the 
axis  of  the  gun  produced,  strikes  with  its  point  in  the  direction  of 
its  length ;  and  we  have  seen  with  what  force  the  flat-headed 
Whitworth  shot  punched  or  rather  gouged,  by  its  rapid  rotation 
— a  new  element  in  penetrating  power — a  hole  in  the  iron 
plates,  and  passed  through  the  side  of  the  "Alfred"  frigate,  at  a 
distance  of  400  yards,  and,  at  200  yards,  through  the  side  of  the 
"  Trusty "  (Art.  243,  pp.  216,  221.)  But  beyond  point-blank, 
.  elongated  shot  do  not  strike,  like  the  arrow,  with  their  points  in 
the  direction  of  their  length,  but  become  more  and  more  oblique 
to  the  trajectory,  in  proportion  to  the  elevation  at  which  they 
were  discharged,  and  which,  by  rotation  on  that  axis,  they  retain 
throughout  their  flight.  Thus  an  elongated  rifle-musket  leaden 
shot,  striking  at  point-blank  an  iron  target  perpendicularly  to 
the  plane  of  its  surface,  spreads  equally  in  every  direction  into 
a  round  patch,  the  edges  of  which  are  ragged,  the  main  portion 
of  the  lead  flattened  in  the  centre.  But  such  a  shot  striking 
the  target  at  a  distance  which  requires  elevation,  forms  an 
oblong  patch  of  which  the  vertical  length  is  greater  than  the 
horizontal  width,  in  proportion  to  the  obliquity  with  which  the 
elevated  projectile  strikes.  When  the  elevation  is  considerable, 
the  shot,  touching  obliquely  with  its  point,  falls  with  its  side 
upon  the  target,  and  forms  a  still  more  elongated  patch.  These 
effects  are  practical  demonstrations  of  what  has  been  above 
stated  in  the  flight  of  elongated  projectiles.*  The  difference  in 
effect  between  a  rifle  leaden  shot  and  an  elongated  rifle  cannon- 
shot,  striking  obliquely,  is  this — that,  although  the  minimum 

•  It  may  easily  be  seen,  by  picking  up  a  number  of  patches  at  the  foot  of 
the  target,  which  of  these  had  been  formed  by  point-blank  and  which  by 
elevated  trajectories. 
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of  resistance  no  longer  obtains^  yet  the  leaden  rifle-shot  has 
abundant  power  to  do  its  work  eflBciently  on  bodies  of  troops ; 
whereas  the  elongated  rifle  cannonnshot  no  longer  possesses  the 
maximum,  because  direct,  penetrating  power,  which  it  can  only 
exert  on  material  defences,  at  or  within  point-blank  range 
when  the  hit  is  direct  in  the  axis  of  its  length;  but  whose 
penetrating  power  13  vastly  reduced  when,  the  hit  being  oblique, 
the  impact  is  delivered  slantingly  upon  a  larger  surface,  and 
the  penetration  of  the  shot  rather  sideways  than  in  the  direc- 
tion of  its  axis. 

Fig.  29. 


Applying  this  to  the  trajectory  laid  down  in  Fig.  19, 
Plate  II.,  and  to  the  accompanying  diagram,  fig.  29,  we 
see  that  elongated  shot  fired  at  a  target  representing  the 
side  of  a  ship,  at  a  distance  beyond  their  true  point-blank 
range,  do  not  strike  with  their  points  in  the  direction  of  their 
axes;  and  the  greater  the  elevation,  the  more  and  more 
oblique  the  impact  on  the  target  becomes;  so  that,  beyond 
their  efficient  horizontal  ranges,  there  is  no  practical  advantage 
in  the  use  of  ek)ngated  projectiles,  save  for  exceptional  cases 
hereafter  to  be  noticed.  Thus  the  conditions  on  which  the 
advantages  of  cylindro-conoidal  elongated  shot  depend— origi- 
nally proposed  and  expounded  by  Newton,  in  his  celebrated 
problem  of  the  "Solid  of  Least  Resistance,"  (Art.  179), — 
are  first  infringed  and  then  violated.  For  these  reasons,  and 
on  that  high  authority,  ranges  produced  at  great  elevations  are 
exceptional  cases,  inasmuch  as  they  deviate  from  the  principles 
on  which  minimum  resistance,  maximum  penetrating  power, 
and  precision,  depend  ;  and  therefore  do  not  fulfil  the  conditions 
of  thei  case. 

It  follows  from  this,  that  some  limits  should  be  assigned 
to  the  ranges  beyond  which  the  efficiency  of  elongated  projectiles, 
in  liorizontal  firing,  ceases  to  obtain — a  limit  which  should  not 
exceed  2000,  or,  for  particular  purposes,  3000  yards ;  and  within 
Avhieh  the  main  value  and  most  important  uses  of  the  Arm- 
strong field-gim  for  battle  purposes  wiU  be  found  to  lie.     To 
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extend  the  sphere  of  action  to  3000  yards,  would  require  an 
elevation  of  10° :  a  great  additional  departure  from  the  funda- 
mental principle,  minimum  resistance,  on  which  the  precision  of 
elongated  projectiles  depends,  and  upon  the  invariable  maxim 
that  elevation  is,  inversely,  the  exponent  of  inaccuracy,  even 
with  arms  of  precision;  and,  indeed,  particularly  with  them, 
for  the  smallest  difference  in  elevation  in  a  flat  trajectory 
occasions  very  great  differences  in  the  ranges  of  the  projectiles 
to  the  first  graze  upon  a  horizontal  plane.  From  what  has  been 
stated  in  the  preceding  pages  it  is  clear  that  elongated  rifle 
projectiles  have  great  aptitude  for  perfectly  horizontal  firing, 
and  that  then  only  can  they  be  applied  in  all  the  purity  of  the 
principles  upon  which  their  eflBciency  depends ;  but  in  vertical 
firing  these  peculiar  aptitudes  gradually  disappear,  and  render 
elongated  shells  unfit  to  do  the  work  of  spherical  13-in.  mortar 
shells  with  equal  efficiency,  within  the  distances  to  which  mortar 
shells  can  be  thrown. 

The  ranges  obtained  by  the  Whitworth  3-pounder,  at  20°  of 
elevation,  show  that,  though  the  lateral  deviations  were  small, 
the  differences  in  the  length  of  range  were  considerable.  The 
difference  between  the  greatest  and  the  least  of  the  four  ranges 
at  20°  is  190  yards  (Table  I.,  p.  219).  The  difference  between 
the  greatest  and  least  of  the  nine  ranges  obtained  from  the 
same  gun,  at  the  same  elevation  and  with  the  same  charge,  is 
502  yards  (Table  II).  The  difference  between  the  two  ranges 
obtained  by  the  80-pounder  Whitworth  gun,  at  10°  of  elevation, 
is  291  yards  (Table  IV.,  p.  220).  The  difference  between  the 
greatest  and  least  of  the  twelve  ranges  obtained  by  the  Arm- 
strong 12-pounder  (p.  212),  at  an  angle  of  5°  of  elevation,  is  only 
39  yards.  It  is  not  meant  by  this  quotation  to  imply  that  Mr, 
Whitworth's  hexagonal  gun  may  not  prove  as  precise  as  the 
Armstrong  gun  at  the  same  low  elevation.  The  longitudinal 
differences  of  ranges  at  20°  in  the  trials  of  the  Whitworth  gun, 
and  the  very  small  differences  in  length  of  range  obtained  in  12 
rounds  by  the  Armstrong  gun  at  5°,  are  stated  to  show  the  vast 
efficiency  of  horizontal  firing  at  small  elevations ;  when,  at  the 
ranges  of  nearly  2000  yards  with  the  Armstrong  gun,  there  was 
only  a  difference  of  39  yards  in  length  of  range  to  the  first  graze, 
and  the  angle  under  which  the  shot  impinged  upon  the  plane  so 

Q  2 
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small,  that  troops  either  nearer  or  beyond  the  graze  would  have 
been  exposed  to  severe  loss  by  the  horizontality  of  that  trajectory. 

In  the  summary  of  experiments  made  with  the  Whitworth 
guns  at  Southport,  which  appeared  very  generally  in  the  public 
journals,  the  longitudinal  deviations*  are  very  erroneously  laid 
do\vn,  and  do  not  show  the  diflTerences  in  the  lengths  of  range. 

Whatever  position  a  spherical  projectile  may  assume,  in 
passing  through  the  air,  is  indiflTerent  with  respect  to  resistance ; 
and  a  13-in.  shell  is  assuredly  a  more  efiScient  weapon  for 
incendiary  purposes  in  the  bombardment  of  arsenals,  at  a  dis- 
tance of  upwards  of  4000  yards  (Art.  200),  than  any  elongated 
projectiles  at  that  distance ;  and  we  should  be  careful  how  we 
lay  aside  that  very  efficient  description  of  ordnance — ^the  mortar. 
At  distances  beyond  the  reach  of  13-in.  mortar  shells,  up  to 
9000  yards,  the  new  projectiles  only  will  suffice ;  but  it  may 
be  very  much  doubted  whether  elongated  shells,  as  incendiary 
weapons,  can  be  made  efficient  at  that  distance ;  and,  in  hori- 
zontal firing,  molten  iron^  cannot  be  used  with  the  Armstrong 
shells,  on  account  of  the  heat,  which  would  melt  the  leaden 
coating  upon  which  the  rifling  principle  adopted  by  Sir  W.  Arm- 
strong depends. 

Forced  through  the  air  in  positions  oblique  to  the  trajec- 
tory, the  resistance  of  the  air  to  an  elongated  shot  increases ; 
and,  acting  underneath  the  projectile,  tends  to  give  it  a  kite-like 
motion  upwards,  in  the  direction  of  its  axis,  by  which  it  is  sus- 
tained in  its  flight,  and  to  produce  a  somewhat  longer  range 
than  is  due  to  the  theory  and  elements  of  the  case. 

The  accompanying  figure,  30,  shows  the  obliquity  of  the 
projectiles  to  the  trajectory  produced  by  an  elevation  of  35°, 
and  to  what  extent  the  essential  and  pure  conditions  of  the 
principles  on  which  the  efficiency  of  elongated  shot  depends,  are 


'  Tlie  reader  is  referred  to  the  articles  *  Deviations  of  Shot,  longitudinal 
and  hiteral,'  *  Excentric  Shot,'  *  Rotations,'  *  Ricochet,'  &c.,  in  the  Index,  and 
the  causes  thereof,  which  are  fully  explained  in  those  articles. 

^  As  an  illustration  of  the  efficiency  of  shells  filled  with  molten  iron  as 
incendiary  weapons,  it  may  be  mentioned  that,  in  experiments  carried  on 
from  on  board  the  "Excellent"  against  the  "Undaunted,"  in  the  present 
year  (18G0),  the  effect  produced  by  the  discharge  of  five  shells  filled  with 
molten  iron  was  that  the  vessel  experimented  upon  was  set  in  a  blaze  which 
couM  only  be  extinguished  by  firing  68-lb.  shot  into  her  w^ater-line  so  as  to 
submerge  her. 
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first  infringed  and  ultimately  violated,  with  respect  to  minimum 
resistance,  maximum  of  penetrating  power  (for  these  are  con- 

Fig.30. 


vertible  terms)  :  because,  striking  rather  with  their  sides  than 
with  their  points,  penetrating  power — so  essential  to  the  fiill 
effects  of  a  shot,  and  to  the  far  more  destructive  effects  of  a 
shell — ^is  greatly  impaired ;  and  explosion  can  only  be  effected 
by  a  time-fuze,  since  the  projectile,  in  falling  to  the  ground, 
impinges  with  its  heel,  as  shown  in  fig.  30. 

The  Whitworth  gun,  by  its  flat-headed  hexagonal  shot, 
can,  as  we  have  seen,  gouge  a  small  hole  in  an  iron  plate  and 
penetrate  into  a  ship  more  effectually  than  any  other  projectile 
hitherto  tried ;  but  it  only  makes  a  small  clean  hole,  with  very 
little  splintering,  and,  not  being  adapted  to  shell-firing,  now  so 
generally  introduced  in  all  naval  services, — and  which  will  con- 
tinue to  be  practised  as  the  rule  of  the  service  so  long  as  timber 
ships  remain  in  use  for  ocean  fieets, — is  not  well  calculated  to 
be  used  in  the  Naval  Service. 

Guns,  particularly  naval  guns,  should  be  well  adapted  to  fire, 
with  eflSciency,  either  solid  shot  or  shells.  If  the  fiat-fronted 
hexagonal  shot,  which,  after  having  passed  through  the  iron 
plates  and  sides  of  the  "Trusty,"  in  May  1860,  lodged  in 
a  main-deck  beam ;  and  that  which,  having  perforated  the  iron 
covering,  penetrated  11  in.  into  the  oak  timber,  and  there  re- 
mained imbedded,  had  been  shells  and  there  exploded,  the  effects 
would  have  been  maxima.  A  shell  lodged  in  the  timber  would 
either  have  blown  off  the  plates  or  blown  in  the  timbers  of  the 
main-deck,  accordingly  as  the  line  of  least  resistance — ^for  let  it 
be  remembered  a  shell  so  lodged  is  a  mine — might  be  outwards 
or  inwards.     All  the  preliminaries  favourable  to  a  maximum 
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effect  were  prepared  in  this  case,  but  the  weapon  was  incapable 
of  accomplishing  what^  in  great  part,  had  been  effected ;  and  the 
facts  to  which  reference  has  been  made,  are  the  strongest  proofs 
and  illustrations  that  can  be  produced  of  that  great  defect  in 
the  ^Vhitworth  system,  as  it  at  present  exists,  in  not  adapting 
his  guns  as  well  'to  shell  as  to  shot  firing,  and  which  can  only 
be  accomplished  by  enlarging  the  calibre  of  his  80-pounders. 

In  reply  to  observations  to  this  effect,  made  in  the  discussion 
wliich  took  place  at  the  Civil  Engineers'  Institute,  on  the  14th 
February  1860  (p.  135),  Mr.  Whitworth  asserted  that  his  guns 
are  peculiarly  adapted  to  shell-firing  by  being  enabled  to  increase 
the  length  of  the  projectile  (which  in  the  Armstrong  gun  is 
limited  by  the  chamber)  indefinitely,  by  there  being  no  chamber 
in  the  Whitworth  gun,  and  that,  by  increasing  the  length  of  the 
tubular  shell,  a  proportional  increase  of  bursting-powder  may  be 
used.  But  in  a  very  elongated  shell  of  small  diameter,  though 
its  interior  tubular  capacity  contain  proportionate  increases  of 
powder,  the  bursting-charge  is  too  distended  to  enable  the  pro- 
jectile to  act  efficiently  as  a  shelL  The  explosive  force  of  an 
ordinary  spherical  shell  acts  equally  in  every  direction,  and 
breaks  the  shell  into  very  numerous  small  splinters;  but  a 
tubular  projectile,  fired  from  a  gun  of  small  calibre,  must  neces- 
sarily be  of  such  length  to  contain  an  efficient  bursting-charge 
that  it  would  not  break  the  shell  into  small  fragments,  nor  act 
equally  in  every  direction :  its  force  would  rather  act  longi- 
tudinally than  transversely,  from  the  nature  of  the  case.  The 
elongated  shell  would  probably  split,  or  be  broken  into  a  few 
large  fragments.  The  shell  of  the  Armstrong  80-pounder  gun 
scatters  217  pieces,  consisting  of  fragments  of  the  shell  and  the 
pieces  of  iron  packed  in  its  interior.  Mr.  Whitworth  proposes 
to  provide  for  the  breaking  of  his  shell  into  any  desired  number 
of  fragments  by  internal  grooves,  by  which,  the  metal  yielding 
there  to  the  explosion,  the  size  and  number  of  fragments  may 
be  regulated.  This  is  a  subject  on  which  extensive  trials 
should  be  made,  to  ascertain  the  comparative  merits  of  the 
rival  guns,  as  well  for  horizontal  shell-firing  as  for  shot-firing. 

In  the  discussion  at  the  Civil  Engineers'  Institute,  Mr.  Whit- 
worth asserted  (p.  136)  that  the  elongated  form  of  shot  pro- 
posed by  him  is  superior  to  spherical. projectiles  for  ricochet 
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firing.  This,  the  author  thinks,  is  a  mistake  (Art.  239,  p.  200) 
or  at  least  that  this  very  important  secondary  effect  of  pro- 
jectiles in  horizontal  firing  cannot  be  relied  upon,  either  on  the 
surface  of  the  sea  or  on  that  of  the  land. 

The  author's  conviction  that  caution  is  needftd  in  this  re- 
spect has  been  confirmed  by  recent  experiments.  Previously  to 
trial  figainst  iron  plates  with  one  of  Whitworth's  guns,  a  shot 
was  fired  at  the  horizon,  with  an  elevation  of  about  1°,  in  order 
to  test  the  stability  of  the  carriage,  &c.  The  projectile,  at  the 
end  of  its  flight,  made  a  number  of  short  ricochets,  and  eventu- 
ally turned  off  considerably  to  the  UfL  With  an  unknown  and 
constantly  shifting  range,  numbers  of  the  most  effective  hits 
with  spherical  shot  in  action  have  been  from  ricochet;  and 
there  is  no  doubt  that  with  elongated  projectiles  the  advantage 
hitherto  possessed  by  ricochet  will  be  lost,  as  shots  usually  turn 
off  to  the  right  This  is  one  reason,  and  a  very  weighty  one,  why 
the  question  of  the  expediency  of  introducing  the  rifle  as  a 
broadside  gun  should  be  well  considered,  and  satisfactorily 
settled,  before  making  so  important  a  change  in  our  ships'  arma- 
ment. 

All  rifled  shot,  spherical  or  conoidal,  deflect  in  the  direction 
of  rotation ;  and  it  is  obvious  that  any  form  of  projectile,  except- 
ing the  spherical,  must  be  unsuited  for  ricochet.  The  deflec- 
tions of  elongated  shot  of  any  form  are  far  greater  and  more 
irregular  than  those  of  spherical  projectiles.  The  more  rapid 
the  rotation,  the  greater  the  deflection,  which,  together  with 
the  polygonal  form  of  the  Whitworth  projectiles,  render  them 
particularly  ill-adapted  to  ricochet  firing. 

It  follows  from  this  that  the  effect  of  ricochet,  with  elongated 
projectiles,  is  lost,  or  cannot  be  relied  upon,  either  by  land  or 
by  sea,  in  general  actions ;  and,  consequently,  that  efficient  use  of 
rifled  cannon  ceases  at  the  first  graze,  and  therefore  that  good 
secondary  effects  can  only  be  obtained  by  the  projectile  being 
enabled  to  act  as  a  shell,  when  it  is  no  longer  efficient  as  a  shot. 
Here  the  advantages  of  the  Armstrong  contrivance  for  adapting 
his  projectile  to  shrapnel-shell  firing  are  highly  important. 

Thus  we  see  that  guns  adapted  to  shell  as  well  as  to  shot 
firing,  are  as  essential  for  secondary  effects  in  the  land  service 
as  they  are  indispensible  in  the  sea  service,  to  cause  the  projec- 
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ijle  to  explode  on  strildng  or  when  lodged  in  the  side  of  a  sliip. 
Nothing  can  compensate  for  the  lost  effect  of  ricochet.  The 
grazes  of  spherical  projectiles  upon  a  perfect  plane  are  straight 
as  lines ;  they  continue  in  the  line  of  fire  produced  to  their 
extreme  roll,  with  considerable  effect,  moral  as  well  as  physical, 
on  fields  of  battle.  At  the  siege  of  Burgos,  our  shot  having 
been  all  expended,  soldiers  were  employed  and  paid  for  picking 
up  shot  fired  by  the  enemy,  to  be  used  against  them,  without 
regard  to  the  differences  of  windage  under  such  an  emergency. 
Many  of  our  soldiers  were  seriously  hurt,  some  it  was  said  killed, 
in  attempting  to  stop  16  and  24  lb.  shot  which  appeared  to  be 
rolling  like  cricket-balis,  and  as  if  they  might  easily  be  stopped, 
A  soldier  tried  to  do  so  with  his  foot,  but  it  fractured  his  Umb, 
threw  him  down  severely  contused,  and  rolled  on  with  a  mo--| 
mentum,  though  with  very  little  velocity,  which  would  have 
done  great  damage  in  a  mass  of  troops.  In  general  actions  on 
plain  battle-fieldB,  tlie  effects  of  shot  after  the  first  graze  are 
often  greater  than  direct  hits ;  and  it  has  been  shown  above  how 
very  serious  the  loss  of  ricochet  is  in  naval  actions.  The  author 
ia  forced  to  conclude  from  what  has  been  stated,  and  therefore 
compelled  to  pronounce,  that  this  defect  of  the  new  guns  must 
be  considered  to  detract  very  greatly  from  their  real-fiervico 
value,  and  that  very  great  ckcumspection,  and  protracted  trials 
which  shall  put  these  doubts  at  rest  one  way  or  other,  must  be 
settled  ere  it  would  be  prudent  or  safe  to  introduce  these  guns 
into  the  broadside  batteries  of  ships. 

The  Armstrong  gnn,  designed  principally  for  shell-firing,  is 
nevertheless  a  very  powerful  shot-gun ;  and  may  either  fire  solid 
shot  or  shells,  and  that  with  the  same  projectile,  by  simply 
either  filling  the  chamber  of  the  shell  with  bursting-powder,  or 
leaving  it  void  ;  the  contents  of  the  shell,  when  used  as  such, 
being  solidified  ivith  the  shell  by  the  percolation  into  the  interior 
of  the  melted  lead  with  which  it  is  coated.  But  that  his  gun 
ia  not  an  equally  efficient  solid-shot  gun  is  admitted  by  Sir 
W.  Armstrong,  in  the  expression  that  "  the  expediency  of  using 
the  projectile  as  a  shot  is  to  ho  doubted"  (Report,  p.  207). 

Guns  which  might  either  fire  shot  or  shells  were  introduced 
into  the  British  Navy  in  1 S3S  as  an  equivalent  to  the  Faixhans 
gun  of  1824,  but,  unlike  the  Paixhans  gun,  our  guns  could  only 
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fire  hollow  shot,  and  so  the  principle  could  not  be  eflSciently 
carried  out  Mr.  Whitworth  falls  into  the  other  extreme,  and 
makes  the  calibre  of  his  80-poimder  guns  so  contracted  that  they 
have  not  capacity  for  eflScieht  shell-firing. 

In  page  142  of  the  Keport  of  the  discussion  which  took  place 
at  the  Institution  of  Civil  Engineers,  in  February  1860,  it  is 
stated  that  there  is  some  analogy  between  the  form  of  an  arrow 
and  the  long  bolt  of  iron  fired  from  the  Whitworth  gun  to  the 
distance  of  9463  yards;  and  that  it  would  be  an  important 
problem,  not  very  difficult  of  solution,  to  fire  from  smooth-bored 
guns  metallic  arrows  which  should  carry  their  weight  chiefly  in 
their  heads,  and  keep  their  longitudinal  axes,  when  projected, 
coincident  with  that  of  the  gun.  An  arrow  does  not  rotate, 
and,  therefore,  if  well  balanced,  conforms  tangentically  with  the 
trajectory :  whereas  an  elongated  shot,  if  it  do  not  rotate,  has 
no  precision,  wabbles,  tumbles  over,  or  strikes  with  its  side,  as 
was  the  case  with  the  oblong  and  bar  shot  of  old,  and  is  the 
most  errant  and  inefficient  of  all  projectiles. 

It  surprises  the  author  very  much  that  in  a  discussion  con- 
ducted with  remarkable  ability,  in  which  the  learned  President, 
and  other  speakers,  evinced  the  most  intimate  knowledge, 
not  only  of  the  mechanism  of  warfare,  but  of  the  science  and 
practice  of  gunnery  in  all  its  branches,  these  propositions  should 
not  have  been  controverted.  It  would  have  been  a  grand 
discovery  upwards  of  400  years  ago,  to  shoot  metallic  arrows 
from  the  rude  and  primitive  fire-arms  of  that  day,  imstead  of 
discharging  cloth-yard  shafts  by  human  strength  from  long- 
bows, or  bolts  from  cross-bows  drAwn  by  mechanical  power. 
But  "to  get  rid  of  the  rifling  process,"  and  to  fire  metallic 
arrows  from  plane-bored  guns  (if  that  project  could  be  accom- 
plished) now  that  that  great  object  of  rifled  cannon  has  been 
brought  in  all  coimtries  to  a  state  of  great  perfection,  would  be 
a  retrogradation  in  the  history  of  artillery,  and  be  as  inferior  in 
efifect  to  elongated  projectiles  fired  from  rifled  cannon  of  the 
present  day,  as  the  arrow  was  to  the  rude  and  primitive  fire- 
arms by  which  that  comparatively  impotent  missile  was  super- 
seded as  an  implement  of  war. 

Mr.  Whitworth's  main  object  in  contracting  the  bore  of  his 
guns,  was  to  give  his  flat-headed  projectiles  power  sufficient  to 
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pierce  thick  iron  plates,  with  shot  of  steel,  or  homogeneous 
iron,  by  blows  acting  upon  a  small  surface,  and  consequently 
with  greater  effect  than  upon  a  larger  area;  and  this  special 
object  has  been  effected,  but  at  the  sacrifice  of  adequate  cap^ity 
to  be  efficient  shell-guns. 

If  Mr.  Whitworth  were  to  increase  the  calibre  of  his  80-poimder 
guns  to  equality  with  those  of  the  Armstrong  guns,  he  might 
acquire  for  them  that  indispensable  faculty  which  all  naval 
ordnance  should  possess,  of  being  efficient  shell-guns  as  well  as 
powerful  shot-guns,  and  that  fisusulty  would  be  obtained  at  a 
very  immaterial  sacrifice  of  range  in  the  exceptional  case  of 
maximum  elevation.  For  calibre  is  power  with  the  rifled  as 
well  as  with  other  cannon,  because,  although  the  diameter  of 
an  elongated  shot,  of  weight  equal  to  a  spherical  shot,  must  be 
contracted,  the  calibre  should  be  maintained  as  much  as  is  con- 
sistent with  the  length  which  should  be  given  to  the  projectile, 
and  this  condition  Sir  W.  Armstrong  satisfies  by  giving  to  his 
80-pounder  a  7-in.  bore. 

The  Armstrong  gnns  Ao  combine  the  efficiency  of  shot* 
guns  with  the  very  destructive  effects  of  shells ;  and  may,  by  a 
simple  arrangement,  use  either. 

Sir  W.  Armstrong  has  obtained  a  range  of  upwards  of  9000 
yards  with  his  32-pounder  gun;  so  that,  in  respect  of  range, 
there  is  little  or  no  inferiority  to  that  of  the  Whitworth  gun : 
but  the  projectile  of  the  Armstrong  gun,  according  to  his  system, 
is  either  a  shot  or  a  sheU,  and  therefore  his  long-range  may  be 
useful  in  bombardments  at  that  distance. 

The  Armstrong  7-in.  gun*  can  throw  either  a  shot  or  a  shell  of 
100  lbs.  to  the  distance  of  about  five  miles,  with  a  charge  of 
one-sixth  the  weight  of  the  projectile.  Guns  on  Sir  W.  Ann- 
strong's  principle,  of  greater  power,  are  now  being  constnicted, 
and  his  40-pounder  gun  is  probably  the  lightest  that  will  even- 
tually be  used  in  the  Naval  Service. 

Elongated  shot  possessing  a  superiority  over  spherical  pro- 
jectiles, on  account  of  being  less  resisted  by  the  air,  and  retain- 
ing more  of  their  initial  velocity  than  the  latter,  added  to  their 
l)recision,  and  the  lightness  of  the  Armstrong  gun,  show  the 
advantage  of  introducing  them  into  the  Naval  Service  as  long- 
rnnjjre  guns,  within  limits  which  render  their  obliquity  to  the 
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trajectory  immaterial ;  but  it  may  be  very  much  doubted 
whether,  in  close  action,  the  smashing  and  ravaging  effects  and 
the  large  apertures  made  by  spherical  shot  and  shells — ^fired 
from  a  gun  of  8-in.  calibre — on  a  timber  ship  (for  such  will 
still  be  ocean  fleets),  is  not  much  greater  than  the  effect  of  any 
elongated  shot  K  so,  it  would  not  be  prudent,  for  these  and 
other  reasons  (ricochet)  already  shown,  to  displace  many  of  our 
solid-shot  heavy  guns  from  the  broadside  batteries  of  ships,  until 
we  have  some  real  experience  of  the  new  rifled  gims ;  but  we 
might,  in  the  meantime,  place  the  Armstrong  guns,  mounted 
on  revolving  carriages,  on  the  upper-decks ;  and  gradually  in- 
troduce them  into  the  main-decks  of  line-of-battle  ships  and 
frigates,  when  experience  shall  have  fully  justified  that  measure. 

It  may  likewise  be  very  much  doubted  whether  elongated 
rifle  shot  will  supplant  spherical  projectiles  of  large  calibre  for 
siege  and  battering  purposes,  and  for  knocking  down  walls  of 
masonry.  Breaches  are  not  made  in  the  ramparts  of  a  forti- 
ficatipn  by  the  penetrating  power  of  the  shot  through  the 
esearp ;  but,  after  the  breach  has.  been  traced  out  and  cut 
through  by  shot  fired  with  great  charges,  it  is  effected  by  con- 
cussions occasioned  by  the  action  and  reaction  of  shot  fired  in 
volleys  with  reduced  charges,  so  that  the  shot  may  not  penetrate 
but  communicate  all  their  motion  to  the  medium  by  impact. 

The  nice  and  delicate  instruments  and  adjustments  which 
Sir  W.  Armstrong  proposes  for  laying  guns  with  a  degree  of 
accuracy  adapted  to  the  precision  of  which  they  are  capable, 
may,  no  doubt,  be  very  useful  in  the  land  service,  but  utterly 
inapplicable  in  a  ship,  always  disturbed  more  or  less  by  the 
floating  motion.  The  rude  practice  of  "  watching  the  roll "  of 
the  ship  (Art.  500)  must  still  prevail;  the  seaman-gunner's 
well-practised  eye  and  the  pendulum  will  still  be  required  in 
naval  actions,  at  whatever  distance,  as  stated  in  Articles  474, 
476. 

It  may  be  important  here  to  mention  that,  in  the  '  Occasional 
Papers  of  the  Eoyal  Artillery  Institution,'  No.  9.  (Feb.  1859), 
there  is  a  paper  by  Capt  Noble,  E. A.,  entitled  '  On  the  Theory 
of  Probabilities  in  Artillery  Practice.'  In  this  valuable  paper 
tliere  are  given  the  results  of  experiments  on  the  ranges  and 
the  lateral  deflections  of  shot  from  the  best  rifled  artillery  of  the 
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If  the  author  be  right,  the  preceding  observations  will  greatly 
disappoint  some  very  exaggerated  expectations  entertained  by 
the  people  of  this  country  in  general,  of  the  paramount  value 
and  importance  of  long  range  as  the  best  test  of  the  real  power 
and  value  'of  a  gun,  but  which  it  is  the  author's  great  object  to 
reduce  to  its  real-service  value. 

Professors  of  mathematics  and  professional  men  of  science, 
have,  ever  since  the  days  of  Robins,  Newton,  and  Hutton,  applied 
their  knowledge  and  experience  to  laying  down  and  expounding 
the  true  principles  of  gunnery,  in  elaborate  tracts;  to  deter- 
mining the  paths  or  trajectories  of  spherical  projectiles,  with 
the  ordinary  elements, — shape  and  weight  of  projectile,  initial 
velocity,  and  the  effects  of  the  retarding  and  accelerating 
forces.  But  here,  in  the  flight  of  elongated  projectiles,  new 
conditions,  deflections,  and  anomalies  hitherto  unknown,  appear ; 
which  disturb  the  motion  of  the  projectile,  occasion  irregular 
and  increasing  resistances  to  oppose  its  flight,  impair  its  pene- 
trating power,  and  deprive  it  of  the  eflSciency  of  the  important 
secondary  effect  by  ricochet,  which,  on  the  flood  or  on  the  field, 
frequently  proved  more  destructive  after  than  before  the  first 
graze. 

The  true  principles  of  gunnery  have  been  fully  expounded 
and  correctly  laid  down  in  numerous  treatises,  determining  the 
natures  of  the  curves  and  the  trajectories  described  by  spherical 
projectiles,  with  the  requisite  elements,  weight  of  projectiles, 
initial  velocity,  the  retarding  and  accelerating  forces ;  and  the 
author  has  endeavoured  to  explain  the  very  different  circum- 
stances and  conditions  which  appear  in  the  flight  of  elongated 
projectiles,  which  disturb  their  motion  by  resistances  and 
anomalies  which  first  infringe  and  then  violate  the  fundamental 
principle  on  which  Newton  proposed  his  "  Solid  of  Least  Resis- 
tance," with  a  view  to  show  that  elongated  projectiles  have  not, 
like  spherical  projectiles,  aptitudes  for  all  descriptions  of  gunnery 
practice ;  that  the  principle  of  minimum  resistance  only  applies 
to  that  efficient  use  of  those  arms  at  distances  within  the  limits 
already  stated,  and  in  which  consists  the  real  value  of  the  new 
guns  for  battle  purposes,  on  the  fiood  or  on  the  field.  These, 
and  not  the  exceptional  case,  are  the  powers  of  long  range  com- 
bined with  eflSciency,  which  will  produce  great  changes  in  all 
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present  day,  and  a  comparison  of  these  with  the  ranges  and 
lateral  deflections  of  spherical  shot  from  an  ordinary  brass 
9-pounder  gun. 

The  rifled  gon  was  an  18-pounder,  weighing  12  cwt. ;  and  the 
ranges,  in  forty  trials,  varied  from  1002  yards  to  1038  yards,  the 
mean  of  all  being  1019  yards.  At  the  same  time,  the  lateral 
deviations  to  the  right  or  left  of  the  mean  line  of  fire,  varied 
&om  0  to  48  in.,  the  mean  lateral  deviation  being  20  in.  to  the 
right.  The  ordinary  gon  gave  ranges  which,  in  forty  trials, 
varied  from  900  yards  to  1138  yards ;  the  mean  of  all  the  ranges 
being  985  yards.  At  the  same  time,  the  lateral  deflections  to 
the  right  or  left  of  the  mean  line  of  fire  varied  &om  0  to  24  feet. 

From  the  data  afforded  by  these  experimental  trials,  Capt. 
Noble  determined,  by  the  theoiy  of  probabilities,  that  the 
probable  error  of  the  rifled  gun,  in  range,  in  a  single  round,  is 
7.4  yards;  and  in  lateral  deflection,  in  a  single  round,  is  9.8 
inches.  Also,  that  the  probable  error  of  the  ordinary  gun  in 
range,  in  a  single  round,  is  47.2  yards,  and  in  lateral  deflection, 
8.8  feet. 

The  rifled  gun,  therefore,  possesses  a  very  decided  superiority 
over  the  common  gun  in  extent  of  range,  and  also  in  the 
accuracy  of  its  fire,  with  respect  both  to  longitudinal  and  lateral 
deviation. 

By  diagrams  ingeniously  constructed,  in  which  the  best  results 
of  several  guns  that  have  been  tried  may  be  seen  on  inspection, 
it  appears  that  the  Armstrong  guns  are  the  most  precise,  the 
Whitworth  guns  next,  after  which  no  other  rifled  gun  came  at 
all  near  them.  Very  good  results  have,  however,  been  of  late 
obtained  with  guns  constructed  by  Mr.  Bashley  Britton,  Mr.  Law- 
rence, and  Mr.  Hadden. 

Sir  W.  Armstrong  has  applied  the  thorough  knowledge 
which  he  has  acquired  of  the  science  and  practice  of  gunnery, 
with  a  distinct  perception  of  what  is  wanted  to  improve  the  real- 
servico  efficiency  of  guns,  to  adapt  them  the  better  to  battle 
purposes  within  rational  limits,  rather  than  to  the  wasteful  and 
useless  purpose  of  obtaining  long  ranges  at  extravagant  eleva- 
tions ;  and  the  author  thinks  that  the  most  useful  application  of 
such  gims  is  in  what  is  denominated  horizontal  firing  (point-blank 
or  at  low  elevations)  on  fields  of  battle  of  limited  extent. 
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If  the  author  be  right,  the  preceding  observations  will  greatly 
disappoint  some  very  exaggerated  expectations  entertained  by 
the  people  of  this  country  in  general,  of  the  paramount  value 
and  importance  of  long  range  as  the  best  test  of  the  real  power 
and  value  "of  a  gun,  but  which  it  is  the  author's  great  object  to 
reduce  to  its  real-service  value. 

Professors  of  mathematics  and  professional  men  of  science, 
have,  ever  since  the  days  of  Eobins,  Newton,  and  Hutton,  applied 
their  knowledge  and  experience  to  laying  down  and  expounding 
the  true  principles  of  gunnery,  in  elaborate  tracts;  to  deter- 
mining the  paths  or  trajectories  of  spherical  projectiles,  with 
the  ordinary  elements, — shape  and  weight  of  projectile,  initial 
velocity,  and  the  effects  of  the  retarding  and  accelerating 
forces.  But  here,  in  the  flight  of  elongated  projectiles,  new 
conditions,  deflections,  and  anomalies  hitherto  unknown,  appear ; 
which  disturb  the  motion  of  the  projectile,  occasion  irregular 
and  increasing  resistances  to  oppose  its  flight,  impair  its  pene- 
trating power,  and  deprive  it  of  the  efficiency  of  the  important 
secondary  effect  by  ricochet,  which,  on  the  flood  or  on  the  field, 
frequently  proved  more  destructive  after  than  before  the  first 
graze. 

The  true  principles  of  gunnery  have  been  fully  expounded 
and  correctly  laid  down  in  niunerous  treatises,  determining  the 
natures  of  the  curves  and  the  trajectories  described  by  spherical 
projectiles,  with  the  requisite  elements,  weight  of  projectiles, 
initial  velocity,  the  retarding  and  accelerating  forces ;  and  the 
author  has  endeavoured  to  explain  the  very  different  circum- 
stances and  conditions  which  appear  in  the  flight  of  elongated 
projectiles,  which  disturb  their  motion  by  resistances  and 
anomalies  which  first  infringe  and  then  violate  the  fundamental 
principle  on  which  Newton  proposed  his  "  Solid  of  Least  Kesis- 
tance,"  with  a  view  to  show  that  elongated  projectiles  have  not, 
like  spherical  projectiles,  aptitudes  for  all  descriptions  of  gunnery 
practice ;  that  the  principle  of  minimum  resistance  only  applies 
to  that  efficient  use  of  those  arms  at  distances  within  the  limits 
already  stated,  and  in  which  consists   '  "^  the  new 

guns  for  battle  purposes,  on  the  fli  se, 

and  not  the  exceptional  case-  *' 
bined  with  efficiency,  ¥ 
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the  naval  and  military  operations  of  war.  In  the  attack  and 
defence  of  fortresses,  in  the  choice  of  positions  and  distribution 
of  armies,  whether  for  offensive  or  defensive  purposes,  in  the 
extension  of  the  fields  of  action,  in  the  necessity  of  placing 
covering  positions  further  in  advance  than  formerly,  by  occupy- 
ing posts  and  commanding  positions  hitherto  unnecessary,  by 
pushing  the  advanced  posts  of  armies  far  in  advance  of  their 
supports  and  of  the  main  body:  these  and  many  other  changes 
in  modern  warfare,  which  experience  will  suggest,  and  time 
work  out,  will  be  produced  by  the  long-range  guns  at  eflScient 
distances. 

The  subject  of  the  Armstrong  and  Whitworth  guns  attracts, 
as  we  see  in  the  article  ^ Le  Canon  en  1860,"  in  the  'Eevue 
Europ^enne,'  great  attention  in  France,  and,  as  the  author  has 
occasion  to  know,  in  other  countries,  and  is  worthy  of  the  atten- 
tion of  competent  military  authorities  here. 

*  The  preceding  pages  were  written  and  put  in  type  long  before 
the  article  in  the  *  Bevue  Europeenne  *  appeared,  and  the  author 
had  previously  come  to  the  conclusion,  that,  having  obtained  in 
the  Armstrong  gun  range  and  precision  suflScient  for  aU  battle 
purposes,  any  additional  range,  obtained  by  a  sacrifice  of  the 
real  efficiency  of  a  gun^  should  be  abandoned,  and  the  excep- 
tional long  ranges  used  for  exceptional  cases  as  occasion  may 
require,  foe  incendiary  purposes  at  distances  beyond  the  reach 
of  13-in.. mortars. 


SECTION  VI. — ON  CONVEBTING  EXISTINQ  PLANE-BORED  GUNS 

INTO  RIFLED  CANNON. 

244.  During  the  last  three  years  many  attempts  have  been 
making  to  convert  cast-iron  guns,  of  which  we  have  so  large  a 
store,  into  rifled  cannon,  for  firing  elongated  projectiles ;  but  the 
additional  strain  first  put  upon  the  gun,  has  caused  a  large 
proportion  of  the  guns  used  in  these  experiments  to  burst; 
arrangements  are  now  being  made  for  strengthening  the 
G8-pounder  gun  by  coils  of  \vTOught  iron  with  which  to  envelope 
the  gun,  and  so  enable  it  to  resist  the  strains  of  the  rifle  principle 
and  an  elongated  projectile. 

It  would  assuredly  be  an  important  and  valuable  discovery  if 
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by  any  means  the  thousands  of  that  yery  valuable  gun  which 
we  possess  could  be  transfonned  into  efficient  rifled  cannon, 
capable  of  firing  elongated  shot  of  nearly  double  the  weight  of 
their  round  shot.*  But  little  progress  has  as  yet  been  made  in 
rifling  and  stre'ngthening  this  very  valuable  gun.  The  bore  is 
perhaps  too  large  for  a  well-shaped  elongated  projectile.  Sir 
William  Armstrong's  plan  answers  well  with  a  6*5  bore,  but  it 
maybe  doubted  whether  it  will  be  possible  to  hoop  the  68-pounders 
so  very  strongly  as  to  enable  them  to  besir  adequate  charges  for 
firing  elongated  shot  of  double  that  weight. 

As  yet,  all  attempts  to  convert  these  guns  into  efiective  rifle 
cannon  have  been  unsuccessful ;  and  it  now  seems  obvious  that-  a 
bore  which  is  suitable  for  a  sphere  cannot  be  right  for  a  cylinder. 
In  confirmation  of  this  opinion,  written  before  the  experiments 
referred  to,  the  author  quotes  the  following  account  of  a  trial  of 
one  of  these  re-bored  guns,  as  given  in  the  *  Times '  of  April  19th, 
in  the  present  year  (1860): — "  One  of  the  cast-iron  contract 
guns,  a  6i-inch  bore,  rifled  for  experimental  purposes,  under  Sir 
W.  Armstrong's  system,  and  hooped  accorfling  to  a  late  sug- 
gestion ordered  to  be  adopted  by  the  War  Department,  was  fired 
at  the  proof  butt,  Woolwich,  loaded  with  16  lbs.  of  powder,  and 
a  140-lb.  cylinder.  The  test  was  ordered  to  be  a  severe  one,  as 
the  adoption  of  the  method  of  rifling  and  hooping  cast-iron  guns 
would  mainly  depend  on  the  result.  The  gun  bore  the  trial 
well  up  to  the  36th  round,  when  it  burst  into  fragments." 

Two  other  cast-iron  gims  of  6^  in.  bore,  hooped  with  iron  as 


•  In  the  expression  used  in  tlie  Article  on  Oblong  Shot,  "  that  oblong  shot 
which  do  not  rotate  tumble  over  and  strike  sideways,*'  a  new  light  was 
shadowed  forth  on  the  advantage  of  the  rifle  principle  applied  to  cannon. 
In  furtherance  of  these  views,  the  reader  will  find,  in  Art.  234,  abstracts 
of  the  history  of  fire-arms  loading  at  the  breech,  from  an  early  period  of 
the  17th  century  down  to  the  abandonment  of  that  primitive  practice  by 
the  introduction  of  guns  bored  out  of  solid  blocks,  which  obtained  till  1846 
([Art.  183),  when  Cavalli  and  Wahrendorflf  reverted  to  that  method  of  loading 
in  the  construction  of  their  breech-loading  guns  for  firing  cylindro-conical 
and  conoidal  shot,  and  also  descriptions  of  the  ingenious  contrivances  for 
opening  and  closing  the  breech  and  checking  the  recoil ;  and  in  Arts.  238, 240, 
an  account  of  the  failure  of  those  guns  in  1850.  And  it  is  no  disparagement  to 
the  many  talented  men  who  have  applied  their  skill  to  accomplish  that  great 
desideratum  to  observe  that  the  author's  sketch  of  the  origin  and  progress  of 
breech  -loading  guns  may  have  been  of  some  use  to  them,  in  showing  what  was 
most  wanted  to  accomplish  the  great  object  in  which  Cavalli  and  Wahrendorff 
failed,  but  which  Armstrong,  and  apparently  Whitworth,  have  so  ingeniously 
effected. 
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before,  have  since  been  tested  at  Woolwich  by  a  charge  of  16  lbs. 
erf  powder  and  a  cylindrical  iron  bolt  weighing  160  lbs.  Both 
guns  withstood  the  test  till  the  62nd  and  63rd  rounds,  when  the 
breech  of  each  gun  was  driven  off  without  a  fragment  or  splinter. 

The  French  have  long  been  trying  various  forms  of  grooves 
and  of  projectiles  to  convert  their  smooth-bored  guns  into  rifled 
cannon ;  but,  judging  from  the  frequent  burstings  of  these  guns 
that  have  come  to  our  knowledge,  it  appears  that,  however 
strongly  hooped,  they  are  unsafe  when  rifled,  and  that  the 
artillery  authorities  in  France  have  not  hit  upon  any  effective 
plan  for  rifling  their  existing  smooth-bored  guns. 

» The  mode  which  the  French  have  adopted  for  converting  their 
12-poimder  field-gun  into  rifled  cannon  did  not  succeed  with 
their  12-pounder  gun  in  the  late  war  in  Italy,  much  as  has 
been  vaunted  to  the  contrary.* 

SECTION  VII. — ON  THE  BELATIYE  VALUES  OF  SOLID  AND 

HOLLOW  SHOT. 

245.  The  British  shell  guns  having  been  compared  (Art. 
232)  with  the  French  canons-obusiers,  it  is  now  intended  to 
make  a  like  comparison  between  the  former  and  the  solid-shot 
guns,  which  are  at  present  employed  in  the  Naval  Service  of 
this  country,  in  order  to  ascertain  whether  or  not  the  shell-guns 
do  really  possess  such  qualities,  with  respect  to  extent  of  range, 
accuracy  of  fire  and  penetrating  force,  as  to  warrant  their 
appropriation  as  the  pivot-guns  of  steamers:  which  assuredly 
should,  with  equal  or  inferior  weight,  possess  those  qualities  in 
the  highest  degree.  It  is  proposed  at  the  same  time  to  ascertain 
whether  or  not  shell-guns  are  better  adapted  than  others  for  the 
broadside  batteries  of  ships,  in  which  situations  rapid  firing  and 
extensive  perforations  are  the  essential  conditions  of  their  action. 

246.  From  the  formulas  for  V,  the  velocity  (Arts.  64,  66,  and 
71),  it  is  evident  that  if  shot,  of  equal  diameters,  but  different 
weights  or  densities,  be  projected  with  charges  whose  weights 
bear  the  same  proportion  to  the  weights  of  the  shot,  as  ^  or  J, 
the  initial  velocities  will  be  very  nearly  equal,  any  difference 

*  See  Appendix  D.,  on  the  Present  Organisation  of  the  British  and  French 

Artillcrv. 
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wliich  may  exist  arising  only  from  the  small  difference  in  the 
lengths  of  the  charges.  Now,  since  the  quantities  of  motion  lost 
by  shot  in  passing  through  a  short  extent  of  space  in  air  are 
very  small,  as  may  be  shown  from  the  formulsB,  Art.  63,  it 
follows  that,  when  the  gun  is  laid  point-blank,  or  with  a  small 
elevation,  the  ranges  of  solid  and  hollow  shot  of  equal  diameters, 
and  charged  proportionally  to  their  weights,  are  very  nearly 
equal.  But  when  the  elevation  is  increased,  so  that  the  extent 
of  the  range  and  the  time  of  flight  are  considerable,  the  solid 
shot,  from  its  superior  momentum,  retains  greater  velocities  at 
the  end  of  equal  times,  and  thus  ranges  farther  than  the  hollow 
shot.*  Since,  also,  a  hollow  shot  issues  from,  the  gun  with  a 
greater  velocity  than  a  solid  shot  of  equal  diameter,  when  the 
charges  are  equal,  and  even  when  the  charge  of  the  former  is 
rather  less  that  that  of  the  latter ;  it  follows  that,  when  laid 
point-blank  or  with  a  small  elevation,  the  hollow  shot  will  range 
farther  than  the  other :  yet  it  will  happen,  for  the  reason  above 
mentioned,  that  by  increasing  the  elevations,  so  as  to  increase 
tlie  ranges  and  times  of  flight,  the  less  rapid  diminution  of 
the  velocity  of  the  heavier  shot  will  cause  the  ranges  to 
approximate  ;  and,  at  length,  the  elevations  and  times  of 
flight  being  farther  increased,  while  the  charges  remain  as 
at  first,  the  range  of  the  solid  shot  will  exceed  that  of  the 
hollow  shot. 

247.  When  the  velocity  with  which  a  hollow  shot  strikes  an 
object,  as  a  ship's  side,  is  less  than  that  with  which  a  solid  shot 
strikes  such  object,  provided  it  penetrate,  the  magnitude  of  the 
fracture,  as  well  as  the  splintering  and  shattering  effects  pro- 
duced by  the  hollow  shot,  will  be  greater  than  those  produced 
by  the  solid  shot  (see  Arts.  161,  162).  But  when,  in  conse- 
quence of  the  greater  distance  of  the  object  from  the  gun,  it 
becomes  necessary  to  give  to  the  latter  a  considerable  elevation, 


'  This  has  been  distinctly  proved  in  exfieriments  made  on  board  the  "  Ex- 
cellent," with  G8-ixninder  guns,  weighing  91  cwt.  and  87  cwt.,  and  8-inch 
shell  guns  weighing  65  cwt.  and  60  cwt.  ITie  lateral  deviations  of  hollow 
shot  were  also  much  greater  than  those  of  solid  shot  when  the  ranges  ex- 
ceeded 3000  yards.  In  firing  at  a  target  resembling  a  ship's  side,  at  the 
distance  of  3000  yards,  it  was  found  that  the  diflerent  ranges  of  hollow  shot 
varied  from  300  to  400  yards,  while  the  diftercnt  ranges  of  solid  shot  did  not 
vary  more  than  200  yards. 

n 
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in  order  to  obtain  the  required  range,  the  accuracy  of  the  firing 
and  the  probabiKty  of  striking  the  object  are  diminished  ;  and, 
in  this  case,  the  solid  shot  has  advantages  over  one  which  is 
hollow;  the  latter,  even  if  accurately  formed,  is  much  more 
liable  to  lateral  deviation  than  the  other,  particularly  when  fired 
across  the  direction  of  the  wind ;  the  deflections  are  very  great  in 
long  ranges,  and  take  place  principally  near  the  farther  extre- 
mity of  the  trajectory.  Hollow  shot,  and  especially  shells,  are 
more  liable  than  solid  shot  to  irregular  rotations  durmg  their 
flight,  from  their  centres  of  gravity  and  of  magnitude  not  coin- 
ciding (see  Arts,  184  to  194).  Even  when  empty,  this  will 
arise  from  the  protrusion  of  the  fuze,  and  the  removal  of  metal 
to  form  the  fiize-hole,  as  well  as  from  the  unequal  thickness  of 
the  metal  in  different  places,  in  which  respect  shells  are  seldom 
perfect ;  and  this  irregularity  is  much  greater  when  the  shells 
are  partially  loaded  with  lead,  sand,  and  even  with  the  bursting- 
powder,  any  of  which  is  liable  to  change  its  place  in  the  shell 
during  its  flight.  The  disadvantage  produced  by  partial  loading 
is  manifest  from  the  fact  that  shells  so  loaded  neither  range  so 
correctly  nor  so  far  as  when  thfey  have  been  entirely  filled  with 
the  loading  material. 

248.  In  confirmation  of  what  has  been  stated  above,  tlie  fol- 
lowing results  of  experiments  are  adduced : — 

On  comparing  together  the  8-inch  sheU-gun  of  65  cwt  with 
the  32 -pounder  weighing  56  cwt,  the  former  projecting  hollow 
shot  weighing  56  lbs.,  and  the  latter  solid  shot,  the  charges 
being  equal  (10  lbs.)  for  both;  it  will  be  found,  from  the  tables 
of  practice  on  board  the  "  Excellent "  (see  Tables  V.  and  VI., 
Appendix  B),  that,  at  equal  elevations,  fix)m  1°  to  10°,  the 
ranges  of  the  32-pounder  invariably  exceeded  those  of  the 
shell-gun,  the  differences  increasing  with  the  increase  of  ele- 
vation, and  amounting,  at  10°,  to  300  yards.  Similarly,  with 
charges  equal  to  10  lbs.,  the  ranges  of  the  32-pounder  gun 
exceeded  those  of  the  8-inch  gun,  when  loaded  shells  weighing 
51  lbs.  were  fired  from  the  latter,  the  difference  at  10°  amount- 
ing to  460  yards.  The  ranges  of  the  56-pounder  guns  weighing 
98  cwt.  and  87  cwt.,  the  former  having  a  charge  of  16  lbs.,  and 
the  hitter  of  14  lbs.,  in  a  still  higher  degree  exceeded,  at  equal 
elevations  from  1°  to  15°,  the  ranges  of  the  8-inch  gun  of  65  cwt., 
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with  its  charge  of  10  lbs.,  and  projecting  hollow  shot  weighing 
66  Iba.  and  51  lbs.,  the  differences  gradually  increasing  with  the 
eloTations,  and  amonnting  at  15°  to  above  800  yards  for  the 
51-lb.  shot,  and  447  yards  for  the  56-lb.  shot 

The  following  table,  extracted  &om  the  practice  made  at 
Deal,  in  18S9,  exhibits  the  relative  valnes,  with  reepect  to  range, 
of  the  8-inch  gun  projecting  hollow  shot,  and  other  natures  of 
iron  ordnance  projecting  solid  shot. 
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249.  The  8-inch  shell-gun  (65  cwt.)  ia  moreover  inferior  in 
respect  of  range  to  the  32-pounder  gun,  solid  shot  being  pro- 
jected from  both.  For,  from  experiments  made  on  board  the 
"Excellent,"  the  charges  (10  lbs.)  and  the  elevations  (from  3* 
to  8")  being  equal,  the  ranges  of  the  32-pounder  exceeded  those 
of  the  shell-gun,  by  distances  varying  from  250  to  SCO  yards. 
The  ranges  of  the  shell-gun  on  board  the  "  Excellent "  compared 
with  those  of  a  42-pounder  gun  weighing  67  cwt,,  charge  10  lbs. 
8  oz. ;  and  a  68-pounder  gun,  weighing  95  cwt.,  charge  16  lbs. 
on  board  the  same  ship;  also  with  those  of  a  32-pounder 
(56  cwt.)  at  Deal,  solid  shot  being  fired  from  all,  presented 
similar  results  in  proof  of  the  inferiority  of  the  shell-gun.  But 
the  most  striking  instance  occurs  in  the  comparison  of  the 
above  shell-gun  with  Mr.  Monk's  56-poundcr,  weighing  97icwt., 
charge  17  lbs.  (solid  shots  being  fired  from  each),  the  ranges 
given  by  the  latter  at  Deal  (1839)  exceeding  those  of  the 
shell-gUD  at  equal  elevations  by  distances  varying  from  400  to 
590  yards. 

250.  With  respect  to  the  velocillcs  and  pcuctnxtiug  forces  i 
of  shot  at  difierent  distances  from  the  fiiin,  tho  lollnwing  table 
will  show  that  hollow  diotifiMBto  ^"r'^^-^''  ^-ni'''  >'lic.'ll-gun, 
with  greater  initial  Tekdti^^^^^ut  "<|ii,.l  iii:-i..i>r<.^s  greater 
velocity  and  p^wtM^^^^^^^^L        '"^   ''"  '    ^^"1"  *hf> 
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French  canon-obu.sier  of  80 ;  and  that  solid  shot  from  a  68- 
poimder  gun,  with  less  initial  velocity,  has,  at  equal  distances 
beyond  800  yards,  greater  velocity  and  penetrating  force  than 
the  hollow  shot  from  the  8-inch  gim.  Again,  it  appears  that 
the  42-lb.  and  32-lb.  shot  have,  at  equal  distances,  less  pene- 
trating forces  than  the  shot  from  the  last-mentioned  gun ;  and 
that  the  shot  from  the  56-pounder  gun  has  both  greater  initial 
velocity  and  greater  penetrating  power  than  those  from  the 
8-inch  gun,  and  indeed  from  any  of  the  guns  above  named. 


Nature 

of 

Ordnance. 

Wind- 
age. 

Weight 

of 
Gnn. 

Weight 
of 

Shot. 

Charge. 

Initial 
Velo- 
cities in 
Feet 
per 
Second. 

1 

Distances 
in 

Yards 
firom  the 

Gun. 

Velocities 

at  the 
correspond* 

ing 
Distances. 

Ratios  of 

penetrating 

Forces 

at  the 

different 

Distances. 

in. 

cwt.  qrs.  lbs. 

lbs. 

lbs. 

Canon-      j 

1 

100 

1225 

6492 

obusier  > 

.1378 

73    3  14 

58.8 

10 

1323 

500 

915 

3620 

(80)     . 

Cwt 

I    60    ; 

1 

1000 

615 

1879 

8-in.  shell- 

100 

1324 

6945 

gi»n,       [ 

.125 

56 

10 

1418 

500 

1019 

4114 

English) 

1000 

753 

2250 

1280 

100 

1211 

5812 

C8-pr.     .. 

.2 

95 

68 

16 

500 

979 

3799 

1000 
100 

765 
1546 

2318 
8934 

5G-pr.     . . 

.175 

98 

56 

16 

1646 
1 

500 

1000 

100 

1213 

913 

1273 

5499 
3115 
5489 

42-pr.     . . 

9.2 

G7 

42 

lOJ 

1360 
1600. 

500 

1000 

100 

988 

739 

1486 

3304 
1849 
6819 

32-pr.*    .. 

.233 

56 

32 

10 

500 

1116 

3846 

1000 

803 

1991 

251.  In  some  trials  which  were  made  on  board  the  "Excel- 
lent," with  solid  and  hollow  shot  from  a  68-pounder  gun,  vnih. 
equal  charges  and  elevations,  the  range  was  found  to  be  in 
favour  of  the  hollow  shot  from  the  point-blank  direction,  to  an 
elevation  of  1|°  inclusive ;  at  3 J°  the  ranges  Mere  nearly  equal ; 
after  which,  up  to  6J°,  the  diflference  was  slightly  in  favour  of 
tlie  solid  shot:  also  the  number  of  times  in  which  the  shots 


*  The  '\vinfiaj:e  is  to  "be  reduced  to  .2  inch,  in  a  new  32-poiinder  of  58  cwt. 
From  exiH'iiinents  made  on  board  the  "Excellent"  in  1847,  it  is  concluded 
tliat  with  tlie  32- pounder  gun,  56  cwt.,  whose  reduced  charge  is  6  lbs.,  double 
sliottini:;  may  be  employed  with  a  certainty  of  penetrating,  up  to  400  yards  ; 
witli  the  32-pounder,  42  cwt.,  and  charge  of  4  lbs.,  up  to  300  yards  ;  and 
with  llio  3--i)0under,  25  cwt.,  charge  21  lbs.  up  to  200  yards. 
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struck  the  object  were  nearly  in  the  proportion  of  5i  to  4  in 
favour  of  the  denser  projectile.  In  the  remarks  on  these  trials 
it  is  stated  that  on  the  day  of  the  experiment  the  wind  was  very 
fresh,  blowing  across  the  range,  and  that  the  solid  shot  were 
more  true  in  their  flight  than  the  hollow  shot ;  partly  because 
the  windage  of  the  former  was  less,  and  partly  because  the 
hollow  shot,  being  lighter  than  the  others,  were  more  affected 
by  the  wind. 

252.  With  respect  to  the  relative  accuracy  in  the  ranges  of 
solid  and  hollow  shot  from  an  8-inch  shell-gun,  it  was  found 
that,  at  the  distance  of  3000  yards,  the  differences  between  the 
ranges  of  hollow  shot  amounted  to  between  300  and  400  yards, 
while  the  differences  between  the  ranges  of  the  solid  shots  did 
not  exceed  200  yards.  Experiments  were  likewise  made  with 
hollow  shot  and  loaded  shells,  from  an  8-inch  gun  ;  when  it  was 
found  that,  beyond  1500  yards,  the  fire  with  the  shells  was  more 
uncertain  than  with  the  shot ;  the  number  of  times  in  which  the 
object  was  struck  by  the  former  being,  to  the  number  struck  by 
the  latter,  as  3J  to  5.  It  was  found  too  that  the  shells  required 
half  a  degree  more  elevation  than  the  hollow  shot  to  attain  the 
same  range ;  and  that,  when  the  shells  were  quite  filled,  they 
ranged  farther  and  more  accurately  than  when  not  fully  charged, 
on  account  of  the  loose  powder  revolving  within  them  during 
their  flight  (see  Art.  244). 

The  subjoined  table  of  experiments  is  introduced  in  order  to 
show  the  different  elevations  at  which,  with  the  given  charges, 
solid  and  hollow  shot  projected  from  four  different  natures  of 
guns  attained  the  same  range,  1 250  yards ;  the  object  fired  at 
was  a  target  in  the  Marshes  at  Woolwich,  at  that  distance  from 
the  guns. 
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From  this  table,  it  appears  that  the  8-inch 


246 


NAVAL  GUNNERY. 


Part  IU. 


a  degree  more  elevation  than  the  32-poiinder  gnn;  and  it  is 
said  to  have  made  much  worse  practice,  notwithstanding  the 
greater  windage  of  the  latter. 

253.  In  the  absence  of  experimients  carried  on  expressly  for 
the  purpose  of  determining  the  relative  deviations  of  solid  and 
hollow  shot  from  the  object  of  aim,  at  different  distances  fix>m 
the  gun,  the  following  table,  computed  from  the  formula,  Art 
92,  using  the  values  of  the  coeflScient  h  for  the  two  kinds  of 
shot,  is  introduced.  It  is  extracted  from  the  table  in  the  *  Suite 
des  Experiences  k  Gavre,'  Paris,  1844  (page  42),  and  exhibits 
the  horizontal  and  vertical  deviations  (supposed  to  be  equal)  for 
a  30-pounder  long  gun  (French)  and  a  canon-obusier  of  80. 


Nature 

of 
Shot. 

Diameter 

of 

Shot 

Charges. 

Distances  in  Yards. 

Nature  of  Ordnance. 

656 

1094 

1750 

2188 

Horizontal  and  Vertical  Deviations. 

30-pr.  Long  Gun  « 

Canon-obnaier  80,( 
No.  1 

Solid 

HoUow 

Solid 
HoUow 

inches. 
6.28 

6.33 

8.61 
8.67 

lbs.     OS. 
/8    4.4 
\5     8.2 
/8    4.4 
\5     8.2 

7  ll.h 
7  11." 

ft.     in. 
3      7 

3  11 

4  11 

5  8 
2      3 
4    11 

ft.     in. 
10  10 
12    2 
15*  1 
16    9 
8    2 
14    5 

ft.     in. 
31     6 
39    9 
46  10 
51     6 
22    4 
42    4 

ft     in. 
53    9 
59    4 
83    8 
91  10 
38    4 
72    6 

From  this  table  it  appears,  that,  with  the  canon-obusier  of  80, 
thep^  deviation  of  hollow  shot  is,  at  all  distances,  about  twice  as 
great  as  that  of  solid  shot. 

254.  Till  recently,  as  has  been  observed  in  Art.  223,  the 
English  shell-guns  were  restricted  to  the  use  of  single  hollow 
shot,  grape  and  case-shot ;  but  this  restriction  being  manifestly 
a  disadvantage  to  the  service,  and  its  necessity  being  doubted, 
at  least  with  respect  to  the  8-inch  gun  weighing  65  cwt.,  ex- 
periments were  carried  on  at  Woolwich,  in  1848  and  1849,  in 
order  to  ascertain  how  many  rounds  the  last  mentioned  nature 
of  gun  would  stand  with  double  shot;  and  what  charge  of 
powder  it  would  bear,  up  to  the  bursting  quantity.  The  experi- 
ments decided  against  the  necessity  of  the  restriction,  at  least 
for  ordnance  cast  like  the  gun  with  which  the  experiments  were 
made.  This  was  an  8-inch  gun,  weigliing  65  cwt.  3  qrs.  14  lbs., 
1)  feet  long,  cast  at  Low  Moor  Foundry,  wliich  is  distinguished 
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for  the  strength  of  its  construction  in  iron.  On  many  other 
occasions  when  guns  have  been  burst  on  trial,  a  high  charge  was 
at  once  used,  but,  in  the  present  instance,  the  first  charges  were 
low,  and  the  rest  consisted  of  gradually  augmented  quantities  of 
powder.  Thus  two  hollow  shots,  each  weighing  56  lbs.,  and  one 
wad,  being  used  throughout,  60  rounds  were  fired  with  5  lbs.  of 
powder,  (half  the  service-charge  for  one  shot,)  then  10  rounds 
y  with  6  lbs.,  afterwards  10  rounds  with  7  lbs.,  and  so  on,  every 

succeeding  10  rounds  having  the  charge  increased  by  1  lb.,  till 
230  rounds  in  the  whole  were  fired ;  the  last  ten  rounds  were 
consequently  fired  with  the  great  charge  of  23  lbs.  These 
charges  were  resisted  admirably,  but  the  recoil  was  very 
great,  though  the  platform  was  inclined  in  an  angle  of  2J°: 
with  a  charge  of  10  lbs.  of  powder  and  one  hollow  shot,  the 
recoil  was  8 J  feet ;  with  5  lbs.  and  two  shots,  it  was  14  feet 
4  inches ;  with  a  10-lb.  charge  and  a  single  solid  shot,  14  feet 
10  inches ;  but,  with  10  lbs.  and  2  shots.  It  was  not  less  than 
24  feet.  The  gun  was  mounted  on  a  ship  carriage.  In 
January,  1849,  the  same  piece  of  ordnance  was  used  for  the 
purpose  of  trying  its  eflSciency  in  the  discharge  of  two  solid 
shots  of  68  lbs.  and  a  junk  wad,  when  it  bore  well  the  fire  of 
two  rounds,  each  with  a  charge  of  20  lbs. ;  but,  at  the  third 
round  with  an  equal  charge  (the  243rd  round),  and  two  solid 
shots,  the  gun  burst,  its  fragments  as  well  as  those  of  the 
carriage  being  driven  in  all  directions.  On  examining  the 
vent  after  the  220th  round,  it  was  found  to  have  enlarged  to 
.28  inch  at  top,  and  1.13  inch  at  bottom.  This  severe  trial 
seems  to  have  established  the  safety  of  the  8-inch  gun  of 
65  cwt.  when  double-shotted,  with  moderate  charges. 

255.   Experiments  have  also  been  made  with   a  new  32- 
pounder  gun  of  42  cwt.  from  the  same  foundry ;  its  service 
X  charge  with  one  shot  (solid)  being  6  lbs. ;  and  the  following 

^  results  have  been  obtained,  solid  shot  and  double  wadding  being 

used  throughout.  At  first  40  ronnds  with  two  shots  and  a 
charge  of  6  lbs.  were  fired ;  then  20  rounds  with  3  shots  and 
the  same  charge ;  next  20  ronnds  with  3  shots  and  a  charge  of 
7  lbs. ;  again  20  rounds  with  3  shots  and  a  charge  of  8  lbs.,  and 
so  on,  the  charge  being  increased  by  1  lb.  of  powder  in  every  20 
rounds,  till  it  amounted  to  11  lbs.,  when  at  the  eighth  round, 
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with  this  charge  and  three  shots,  the   gun  burst.     In  these 
trials,  401  shots  were  fired,  and  1128  lbs.  of  powder  consumed. 

Two  32-pounder  guns  which  had  been  cast  in  Belgium,  were 
also  tried  at  Woolwich;  and  the  following  table  contains  a 
statement  of  the  number  of  rounds  which  each  gun  bore  :— 


Charge. 

Number  of 

Number  of 

Number  of 

Shot. 

WadB. 

Bounds. 

lbs. 

8 

2 

2 

40 

8 

3 

2 

20 

9 

3 

2 

20 

10 

3 

2 

20 

11 

3 

2 

9 

The  last  round  burst  one  of  the  guns,  wliich,  in  the  explosion, 
struck  its  neighbour,  and  damaged  it  so  much,  that  it  only 
stood  one  more  round  with  the  same  charge ;  at  the  next  round 
it  burst. 

In  the  trials,  287  shots  were  fired  from  the  first  gun,  and 
959  lbs.  of  powder  were  expended* 

256.  In  addition  to  the  considerations  of  extent  of  range  and 
precision  in  firing,  it  is  necessary  to  contemplate  the  eflfects  of 
shot  and  shells  with  respect  to  their  powers  of  impact — a  subject 
of  no  less  importance  than  either  of  the  others.  The  penetra- 
tion of  shot  has  been  already  treated  of  in  Arts.  82  and  101 ; 
and  it  is  intended  in  this  place  to  notice  the  effects  arising  from 
the  impact  of  shot  or  shells  of  different  diameters.  A  solid  or 
a  hollow  shot  striking  a  mass  of  timber,  as  the  side  of  a  ship, 
crushes,  fractures,  and  splits  the  wood  to  an  extent  wliich 
depends,  in  a  great  measure,  on  the  superficies  of  the  shot,  or 
upon  the  area  of  a  section  through  its  centre;  and,  conse- 
quently, is  proportional  to  the  square  of  its  diameter.  Thus,  a 
large  liollow  shot  will  make  a  greater  fracture,  in  consequence 
of  a  greater  separation  of  the  fibres  of  the  material,  than  a  solid 
ball  of  equal  weight ;  though  the  latter  may  penetrate  deeper, 
and  thereby  produce,  in  other  respects,  a  greater  effect  on  and 
in  a  ship.  It  is  evident,  ^moreover,  that  the  destnictiveness  of 
sliot  in  action  must  also  be  proportional  to  the  number  of  shots 
which  strike  the  object  at  a  given  distance  from  the  gun.     We 
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have  no  certain  evidence  from  experiment  by  which  we  may 
determine  the  average  number  of  hits  made  by  shot  on  an 
object  at  different  distances,  up  to  the  greatest  at  which  shot 
can  be  projected  with  any  chance  of  striking,  suppose  2000 
yards;  and  though,  according  to  M.  Piobert  (see  Art.  139), 
large  shot  struck  a  small  object  within  600  yards  more  fre- 
quently than  smaller  shot,  yet  it  appears  very  probable  that  at 
2000  yards  the  causes  of  deflection  (particularly  wind  blowing 
across  the  range)  would  act  more  powerfully  on  large  than  on 
small  shot,  and  certainly  on  hollow  than  on  solid  shot,  and  thus 
cause  a  smaller  number  of  hits  to  take  place  in  an  equal 
ilumber  of  discharges.  However,  in  the  absence  of  sufficient 
data  to  determine  this  point,  let  it  be  assumed  that  the  number 
of  hits  of  shot  of  different  natures  and  descriptions  are  equal ; 
and  then  it  may  be  inferred  that  the  splintering  effects  of  shot 
are  proportional  to  the  squares  of  their  diameter. 

This  is  an  important  advantage  in  favour  of  the  8-inch  shell- 
gun  individually ;  but,  on  the  other  hand,  it  must  in  fairness 
be  stated  that  magnitude  of  fracture  is  not  the  only  thing  to 
be  considered  in  selecting  ordnance  for  the  general  armament  of 
ships.. 

257.  It  has  already  been  stated  (Art.  100)  that  it  may  be 
doubted  whether  the  appropriation  of  8-inch  shell-guns  to  the 
broadside-batteries  of  ships  of  all  classes  has  not  been  carried 
too  far,  some  ships  being  armed  cliiefly  with  that  description  of 
ordnance ;  and  whether  it  would  not  be  more  advantageous  to 
limit,  in  all  cases,  the  number  of  shell-guns  to  a  lower  proportion, 
and  to  combine  them  with  others  by  a  judicious  selection  of  those 
best  adapted  to  the  circumstances  of  each  case. 

All  vessels,  according  to  their  displacement,  can  only  carry 
a  certain  weiglit  of  metal,  of  which  their  armament  is  to  consist 
and  can  afford  only  a  limited  tonnage  for  the  stowage  of  their 
ammunition,  projectiles  and  stores.  The  weights  of  the  8-inch 
shell-gun  and  of  the  32-pounder  gun  are  respectively  65  cwt. 
and  50  cwt.,  while  the  weights  of  the  shot  for  the  8-inch  and  the 
32-pounder  gun,  supposing  an  equal  number  to  be  distributed  to 
each,  are  as  56  to  32,  or  as  7  to  4 :  hence  it  will  be  found  that 
eleven  8-inch  guns  are  nearly  equal  in  weight  to  fourteen  32- 
ponnders,   their  complements  of  shut  being   inchided.     Thus 
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a  vessel  which  could  caxry  on  her  broadside  only  eleven  8-inch 
guns  might  be  armed  with  fourteen  32-pounder8. 

In  engaging  an  enemy's  ship  the  aggregate  magnitude  of  the 
fractures  made  in  her  side  by  the  shot  from  the  eleven  8-inch 
guns  of  her  antagonist  will  be  to  that  produced  by  the  shot  from 
the  fourteen  32-pounder  guns  (assuming  that  the  magnitudes  of 
the  fractures  made  by  the  shot  from  the  two  natures  of  ordnance, 
supposing  all  to  hit^  are  proportional  to  the  number  of  shots 
fired  and  to  the  squares  of  their  diameters)  as  704  to  546 ; 
which  no  doubt  is  an  important  advantage  in  favour  of  the 
8-inch  shot.  But  is  not  the  greater  number  of  discharges  made, 
in  equal  times,  by  the  fourteen  32-pounder8  relatively  with  tHe 
discharges  of  the  eleven  8-inch  guns,  and  therefore  Uie  greater 
probability  of  damage  to  the  opponent,  a  very  important  con- 
sideration, which  should  enter  into  the  question  of  armament  ? 
In  this  case  the  number  of  discharges  and  the  proportion  of 
hits,  supposing  equal  skill  in  gunnery  and  that  both  ships  fire 
equally  quick,  will  be  as  14  to  11;  a  disparity  which  could 
scarcely  be  compensated  by  the  greater  magnitude  of  the 
fractures. 

In  this  proportion,  nearly,  have  the  number  of  guns  in  many 
of  the  ships  of  the  British  Navy,  new  as  well  as  old,  frigates, 
corvettes,  and  small  vessels  in  particular  (the  ''  Thetis,"  "  Incon- 
stant," "Castor,"  "Cambrian,"  and  '^Dsedalus,"  for  instance), 
been  reduced,  in  order  that  they  may  carry  the  heavy  32- 
pounders  of  56  or  58  cwt  with  the  8-inch  guns.  Some  fi^gates 
have  been  reduced  from  42  guns  to  24 ;  others  irom  46  guns  to 
24,  26,  and  even  to  19  guns  (see  '  Betum  to  an  Order  of  the 
House  of  Commons,'  April  29,  1850). 

258.  The  author  ventures,  with  great  deference,  to  think  that 
in  many  of  the  combinations  of  8-inch  guns  with  32-pounders  in 
tlie  armament  of  ships  and  vessels,  too  much  consideration  has 
been  shown  to  the  weight,  and  too  little  to  the  number  of  guns. 
He  thinks  that  the  number  of  shell-guns  has  been  made  too 
great  in  the  broadside  batteries  of  some  ships  and  vessels, 
several  of  which,  indeed,  have  the  whole  of  the  batteries  on 
one  deck  so  armed — the  "Eodney,"  26  8-inch  guns;  "Prince 
Kegent,"  32  ;  "  Albion,"  26 ;  "  Indefatigable,"  28.  Tlicse,  he 
believes,  were  exceptions,  permitted  for  experiment,  as  in  the  case 
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of  the  French  frigate  "Psyche,"*  in  consequence  of  special 
applications  made  by  their  captains. 

259.  Judging  from  the  armament  of  their  ships,  the  problem 
concerning  the  relation  between  weight  of  gun  and  number  of 
guns  is  solved  by  the  naval  artillerists  of  foreign  nations  with 
greater  regard  to  number  than  by  those  of  this  country.  The 
problem  is  one  that  has  been  much  discussed;  and  practical 
limitations  have  been  assigned  to  the  number  of  shell-guns 
which  should  be  allowed  to  a  ship  of  war  in  most  of  the  foreign 
services;  but  in  none  of  them  has  the  limit  been  extended 
to  the  armament  of  whole  d^cks.  By  a  regulation  of  April, 
1838,  first-rates  in  the  French  navy  were  to  carry  34  canons- 
obusiers  of  30  on  the  upper  decks  ;  but,  by  a  recent  regulation 
(1849),  all  these  were  to  be  replaced  by  30-pounder  guns 
No.  3,  which  shows  that,  calibre  for  calibre,  guns  are  preferred 
by  the  French  to  chambered  ordnance.  By  the  decree  of 
1838,  the  number  of  canons-obusiers  in  line-of-battle  ships  was 
limited  to  four  of  80,  and  these  were  ordered  to  be  placed  on  the 


•  The  "  Psycho  "  frigate  is  an  exception  to  this  regulation.    Her  armament 
as  she  was  fitted  out  at  Brest,  in  1845,  was  as  follows  : — 

Main-deck        ...  18  SO-ponnders,  Paixhans  Howitzers  No.  2. 

.     .     2  30-pounders  long  guns  forward. 
.     .     2  30-pounder8  long  guns  aft. 
.     .    4  30-pounder8  carronades. 
.     .    4  30-pounders  long  guns. 


99 
» 


Quarter-deck 
Forecastle   . 


This  frigate,  although  rated  in  the  Budget  as  a  40-gim  ship,  was  built  to 
carry  but  32  guns :  she  had,  in  1845,  but  30.  Her  complement  of  crew  was 
the  same  as  that  of  a  40-gun  ship,  viz.  326  men,  on  the  war  establishment. 
Her  scantling  is  much  stronger  than  that  of  any  46-gun  frigate. 

The  eighteen  80-pounders  on  the  main-deck  of  the  "  Psyche  "  are  the  Paix- 
hans canons-obusiers  of  80  No.  2  (see  Art.  229),Iweight  only  53  cwt.  2  qrs.  14  lbs. 
(the  Paixhans  gun  No.  1  is  71  cwt.  2  qrs.  16  ll«.),  charge  6  lbs.  9  oz. ;  the 
chamber  which,  in  No.  1  gun,  is  a  cylinder  of  the  diameter  of  a  24-pounder 
gun,  being  in  gun  No.  2  enlarged  to  that  of  a  30-pounder ;  so  that  the  con- 
traction being  less,  the  operation  of  sponging  is  more  readily  performed,  the 
cartridge  more  easily  got  into  its  place,  and  the  charge  simtdtanSe  facilitated. 
The  canons-obusiers  of  80  No.  2  are  deficient  in  powers  of  range ;  they  are 
intended  for  moderate  ranges ;  their  largest  scales  are  only  graduated  to  1300 
yards,  which  admits  that  thev  are  not  efficient  beyond  that  distance,  and  con- 
sequently that  the  "  Psyche '  should  avoid  action  at  greater  distances. 

The  observation  made  in  Art.  100  on  the  reduction  of  the  number  of  guns  in 
&  ship's  armament,  relatively  to  the  displacement,  is  verified  in  recent  practice 
by  what  is  related  of  the  "  Pique  "  frigate,  which  was  long  under  repair  in 
Pembroke  Dockyard,  when  she  was  rendered  capable  of  carrying  40  guns,  her 
former  rating  being  30  only. 
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lower  deck ;  •  but  the  number  of  canons-obusiers  was  subse- 
quently increased  by  introducing  six  others,  of  the  pattern  No, 
2,  in  the  middle  decks  of  first-rates  and  in  the  upper  decks 
of  second-rates,  and  four  of  the  same  pattern  in  the  upper  decks 
of  third-rates. 

According  to  the  decree  of  the  27th  of  July,  1849,  the  num- 
bers  of  canons-obusiers,   and  of  solid-shot  guns  on  board  of 
French  ships  of  war,  are  to  be  as  follow  : — ships  of  112  guns  will 
carry  four  canons-obusiers  of  80  No.  1  on  the  lower  deck,  six 
ditto  No.  2  on  the  middle  deck,  and  six  50-pounder  guns ;  the 
rest  of  the  armament,  from  the  lower  deck  upwards,  being  30- 
pounder  guns  Nos.  1,  2,  3,  and  4.     Thet  90-gun  ships  will  carry 
four  canons-obusiers  of  80  No.  1  on  the  lower  deck,  six  of  No.  2 
on  the  upper  deck,  the  rest  of  the  armament  being  six  50- 
pounder  guns  and  30-pounders  Nos.  1,  2,  and  3.     The  82-gun 
ships,  new  model,  will  be  armed  in  a  similar  manner  with  ten 
canons-obusiers  Nos.  1  and  2.     The  80-gun  ship,  old  model, 
called  86,  will  carry  four  canons-obusiers  of  80  No.  1  on  the 
lower  deck,  and  four  of  the  pattern  No.  2  on  the  upper  deck. 
The  70-gun  ships,  old  model,  called  74,  will  carry  four  canons* 
obusiers  of  80  No.  1  and  twenty-four  36-pounders  on  the  lower 
deck.     No  canons-obusiers  will  be  carried  on  the  upper  deck. 
Frigates  of  the  first  class  will  carry  only  two  canons-obusiers 
of  80  No.  1.     The  second  and  third  class  jfrigates  and  rasees 
will  be  armed   in   a  similar  manner,  each   carrying  two  50- 
pounder  guns. 

260.  The  proportion  of  shell-guns  varies  very  much  in  tlie 
ships  of  the  British  navy,  even  in  those  of  the  same  class.  See 
Parliamentary  paper.  May,  1849.  The  first-rates  carry  twelve 
8-inch  guns  of  65  cwt.  and  52  cwt. ;  ships  of  the  "  Rodney," 
"  Albion,"  and  '*  Prince  Regent "  class,  twenty-six  8-inch  guns 
each ;  the  "Prince  Regent,"  thirty-two  ditto,  which  for  experi- 
ment are  all  placed  on  the  lower  deck.  But  it  now  appears 
that  all  our  line-of-battle  ships  are  armed  on  the  lower  deck 


*  In  conformity  with  a  resolution  of  the  commissions  composed  of  the  cliief 
authorities  of  the  navy,  maritime  engineers  and  marine  artillery  (see  Taixhans 
*  Sur  une  Arme  Nouvelle/  also  *  Experiences  faites  par  la  Marine,'  p]).  44  and 
r)S),  and  in  compliance  with  the  opinion  and  advice  of  the  Coniite  consnltatif 
•If  la  Marine  of  the  17th  June,  1S24,  ibid.,  p.  40. 
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wholly  with  8-inch  shell-guns  of  65  cwt.,  and  with  32-pounders 
of  diflforent  classes  in  the  upper  decks. 

The  extent  to  which  shell-guns  should  enter  into  the  arma- 
ment of  a.  ship  of  war  is  a  subject  deserving  much  considera- 
tion, and  will  be  examined  in  a  more  advanced  part  of  this 
work. 

261.  The  disadvantage  of  shell-guns,  compared  with  solid- 
shot  guns,  in  respect  of  the  number  of  blows  given,  if  all  the  ' 
shot  of  both  kinds  are  fired  with  equal  precision,  holds  good 
from  the  commencement  of  an  action,  when  the  firing  is  distant, 
till  the  crisis  approaches,  when  double-shotting  is  used.  Now, 
32-pounder  guns,  of  56  and  50  cwt.,  charged  with  6  lbs.  and 
5  lbs.  of  powder,  may  commence  double-shotting  at  400  yards 
with  a  certainty  of  penetration ;  though,  at  300  yards,  double 
shot  firing  with  that  nature  of  ordnance  is  most  eflScient  (Art. 
110)  ;  whereas  the  8-inch  guns,  of  65  and  60  cwt.,  being  limited 
to  5  lbs.  charges  when  firing  two  hoUow  shot,  cannot  commence 
double  shotting  with  any  effect  at  a  greater  distance  than  200 
yards :  therefore,  a  ship  armed  with  32-pounder  English,  or  30- 
pounder  French  guns,  should  never  approach  so  near  to  a  ship 
very  extensively  armed  with  shell-guns  or  canons-obusiers  as  to 
be  within  reach  of  her  double-shotted  ordnance.  At  distances, 
therefore,  between  200  and  400  yards  double-shotting  can  be 
used  with  effect  from  the  32-pounders  only  ;  and  between  these 
limits  the  ratio  of  the  magnitudes  of  the  fractures  produced  by 
the  two  natures  of  ordnance  would  be  as  (8)  ^  to  2  (6.3)  *,  or  as 
64  to  79.4  nearly ;  but  as  the  rapidity  of  loading  with  single 
shot  is  greater  than  with  double  shot  in  a  certain  proportion, 
therefore  giving  to  the  8-inch  gun,  when  using  single  shot,  the 
benefit  of  this  advantage,  the  above  ratio  of  the  effects  of  impact 
becomes,  according  to  the  best  estimate  that  can  be  formed,  as 
7  to  8J.  With  respect  to  sheU-firiug,  the  8-inch  guns  are 
restricted  to  the  firing  of  only  single  shells  or  shot  at  distances 
beyond  200  yards,  whilst  the  32-pounders  may  fire  two  solid 
shot,  or  other  projectiles,  at  400  yards ;  but  as  the  destructive 
effects  of  shells  of  different  diameters  increase  in  a  much  higher 
ratio  than  the  squares  of  their  diameters  (see  Art.  257),  it  may 
be  presumed  that  the  8-inch  gun  will  have,  in  shell-firings 
a  great  superiority  over  any  32-pounders  at  that  distance; 
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it  must  be  considered,  however,  that  solid  projectiles  from 
32-p0uiider  guns,  fired  in  greater  numbers  than  the  shells, 
in  equal  times,  and  with  their  high  degree  of  penetrating  power, 
may  produce  destructiye  effects  equal,  if  not  superior,  to  those 
which  are  expected  from  the  8-inch  ordnance. 

It  must  be  remarked  that  the  recoil  of  the  8-inch  gun  exceeds 
that  of  the  32-poTmder  gun ;  with  the  charges  above-mentioned, 
'the  velocities  of  recoil  are  16.2  feet,  and  15  feet  per  second, 
respectively ;  and,  the  weights  of  the  guns  with  their  carriages 
being  78  cwt,  and  68  cwt,  the  momentum  of  the  recoil  of  the 
8-iiich  gun  exceeds  that  of  the  32-pounder  gun  in  the  ratio  of  7 
to  5.7  nearly.  In  comparing  together  the  practice  with  two 
solid  shots  and  that  with  two  hollow  shots,  it  must  be  borne  in 
mind  that  there  is  always  some  risk  of  failure  with  the  latter, 
since  one  or  the  other  of  the  two  is  frequently  found  to  be 
broken  in  pieces  in  the  gun  when  fired  with  considerable 
charges,  although,  by  experiments  recently  made,  it  appears  that 
this  very  seldom  occurs  when,  suppressing  the  wad,  the  shot  are 
placed  in  contact  with  each  other.  With  respect  to  the  lighter 
8-iach  guns,  they  are  incapable  of  being  fired,  either  with  one 
solid  or  with  two  hollow  shot. 

262.  It  is,  in  general,  only  in  direct  broadside  action  at  close 
quarters  that  double-shotting  should  be  applied ;  when,  if  on 
either  side  any  ^rors  should  be  committed  in  such  practice, 
serious  consequences  may  arise  from  want  of  sufficient  pene- 
trating power.  In  all  oblique  and  raking  fire,  single  shot  tod 
heavy  charges,  from  all  natures  of  ordnance,  are  required, 
particularly  in  raking  a  ship  by  the  head,  in  order  to  break 
through  the  great  masses  of  timber  at  her  bow,  and  penetrate 
into  and  throughout  the  interior,  for  which  purpose  the  single 
shot  is  most  efficient.  This  observation  on  the  importance  of 
great  penetrating  power  is  again  touched  upon  here,  in  order  to 
introduce  the  very  valuable  and  instructive  Reports,  of  which  an 
account  has  been  given  in  Art.  109,  when  speaking  of  the 
brilliant  action  between  H.M.S  "  Shannon "  and  the  United 
States'  frigate  "Chesapeake"  June,  1813.  The  details  there 
given,  present  service-target  proofs  of  facts  which  cannot  but  be 
highly  instructive,  and  show  that  even  in  that  celebrated  action 
there  were  several  instances  of  a  deficiency  of  penetrating  power. 
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Whether  the  chaiges  of  powder  were  too  small,  the  weight  of 
metal  projected  too  great,  or  tlie  powder  of  the  "  ShanuoiL "  was 
deteriorated,  ib  not  known;  the  last  circumstance  is  highly 
probable,  for  this  was  undoubtedly  &e  case  in  tlie  unfortunate 
bat  gallant  action  of  the  "  Guerrifere."  These  documents  thus 
convey  waminga  of  the  extreme  importance  of  insuring  abundant 
penetrating  power  in  all  casee,  and  afford  notices  of  many  other 
useful  facts  to  which  reference  will  hereafter  be  made,  par- 
ticularly in  the  article  on  the  effects  of  Grape  Shot,  Part  IV.,- 
Section  It.,  and  in  the  account  oS  the  action  between  the 
"Shannon"  and  "Chesapeake"  in  Part  V. 

263.  The  deBtractive  effects  of  shells  on  ships  are  assumed  to 
be  ptoportioDal  to  the  cubes  of  the  diameters,  upon  the  prin- 
ciple that  the  effects  produoed  by  the  explosions  of  live  shells 
depend  on  the  quantities  of  bursting-powder  they  contain,  which, 
being  as  the  volumes  of  the  shells,  are  evidently  in  that  pro- 
portion. In  strictness,  however,  this  law  holds  good  only  for 
shells  which  are  fired  into  and  explode  in  earth,  where  they  act 
as  mines.  In  such  cases,  live  diells  are  used  with  great  advan- 
tage ;  for  example,  in  the  at&ck  of  fortresses,  when  they  serve 
to  destroy  ramparts  of  earth,*  make  breaches  in  scarps  of 
masonry,  or  for  the  purpose  of  rendering  them  practicable  for 
assault. 

By  analt^y,  however,  a  shell  lodged  in  a  ship's  timbers,  and 
there  exploding,  is  supposed  to  act  as  a  mine,  with  a  force 
depending  on  its  charge;  that  is,  proportional  to  the  cube  of 
its  diameter.  The  greatest  effect  which  a  shell  can  produce  in 
and  on  a  ship,  in  action,  is  evidently  that  which  takes  place  when 
it  penetrates  into  and  lodges  in  the  side  or  body  of  the  shi^^  atid 
then  explodes.'' 

A  shell  suspended  between  decks,  amid-^hips,  and  then  ex- 
ploded, acts  with  eqoal  force  in  every  direotion;  and  in  ench 

■  "  Lei  bombt's  laiic^ca  borizontalement  jiroJiii 
noirs  propwtiomi^s  nus  quantity  de  poudre  dun 
Boutmard,  'L'Effct  dca  Bombca  horizontalus  flur 
p.  303,  pi.  30. 

Sheila  BO  fired  were  applied 
Uoolton. 

*  "  Le  tir  de  ct's  projectilea  i 

3u'antiu)t  qn'ils  cooscrrerout 
es  navirea."— '  Exi>6ricnccB  " 
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circumstances,  the  eflfeet  upon  the  crew  would  unquestionably 
be  more  destructive  than  if  the  shell  were  moving  with  great 
liorizontal  velocity  when  it  bursts.  Again,  a  shell  placed  in 
contact  with  the  deck  above  it,  and  then  exploded,  would  blow 
up  the  deck,  and  likewise  produce  destructive  effects  in  lateral 
directions.  Also  a  shell  placed  on  the  deck,  and  then  exploded, 
would,  no  doubt,  make  a  prodigious  breach  in  tlie  deck  below  it, 
drive  up  the  deck  above,  and  act  severely  in  lateral  directions. 
The  shell  which  exploded  by  accident  on  board  the  "  Medea" 
whilst  cruising  with  the  squadron  blockading  Alexandria  in 
1840,  took  place  on  the  lower  deck  just  above  the  shell-room ; 
killed  the  bombardier  who  was  unscrewing  the  cap,  wounded 
several  of  the  crew,  knocked  down  all  the  bulkheads  from  the 
captain's  cabin  to  the  boilers,  broke  three  of  the  beams  on  the 
lower  deck ;  forced  up  some  of  the  planks  of  the  upper  deck, 
and  produced,  for  a  considerable  time,  much  panic  among  the 
crew,  and  threw  the  whole  squadron  into  consternation.  These 
are  portentous  proofs  of  the  terrific  effects,  physical  and  moral, 
produced  upon  a  ship  by  the  explosions  of  shells  at  rest  within 
her,  even  though  not  imbedded  in  the  mass  of  her  sides  or  body ; 
and  the  like  effects  must  be  expected  to  ensue  should  an 
enemy's  shell  be  planted  or  lodged  in  the  ship  before  the 
explosion  takes  place.* 

264.  It  is  this  faculty  of  sheUs  by  which  they  act  as  mines 
that  renders  them  most  destructive  to  ships.  In  the  experiments 
carried  on  at  Brest  during  the  years  1821  and  1824  (FaixhanSj 
*Sur  ime  Arme  NouveUe,'  pp.  38,  62),  at  Portsmouth  in  1838, 
and  at  Woolwich  in  1850,  the  terrific  effects  of  sheU-firing  on 
aiid  in  a  ship,  when  the  shells,  having  penetrated  sufficiently 
into  the  timbers  to  lodge  and  explode  there,  took  full  effect, 


"  Experiments  were  made  in  the  Marshes  at  Woolwich,  Nov.  19,  1850 
Avith  a  -view  of  testing  the  effects  of  metal  and  wooden  fuzes ;  and,  on  this 
occasion,  shells  were  fired  from  32-pounders  and  8-inch  o^ims  against  a  strong 
l)iilkhcad.  Q  he  quantities  of  bursting-}X)wder  were  1  lb.  to  each  of  the  32- 
jioiinders  and  2J  lbs.  to  each  of  the  8-inch  shells ;  the  charge  to  each  gim 
])vuvj:  8  lbs.  Several  of- the  shells  exploded  on  striking  the  bulkhead.  C)ne 
of  the  8-inch  shells  struck  the  ground  short,  and  afterwards  buricMl  itself  at 
the  bottom  of  the  bulkhead  :  it  did  not  burst  till  after  the  next  shell  had  been 
lired,  when  it  exploded  with  tremendous  efl'ect,  tearing  the  massive  timl)ers 
into  hundreds  of  fragments  and  scattering  them  about,  lx?sidcs  breaking  and 
twisting  the  numerous  l)olts  with  which  the  wood  was  held  together. 
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were  strikingly  exemplified  But  the  numerous  failures  of  fuzes 
in  those  experiments  *  show  that  time-fuzes,  which  are  essential 
to  enable  a  shell  to  act  as  a  mine,  are  very  ineflScient  in  hori- 
zontal shell-firing.  It  is  found  that  four  fuzes  out  of  five  are 
extinguished  on  striking  the  water,  and  about  one  in  three  on 
striking  a  ship ;  if  the  shell  strike  with  the  fuze  end  forward, 
which  is  generally  the  case,  it  is  found  that  the  timber,  by  its 
resistance,  forces  itself  into  and  effectually  plugs  the  fiize. 

In  the  experiments  made  at  Portsmouth,  with  shells  buried 
in  earth,^  and  in  others  with  shells  embedded  in  masses  of 
timber,*^  the  explosions  which  took  place  afforded  also  the 
strongest  proofs  of  the  prodigious  power  of  shells  acting  like 
mines.  In  these  circumstances,  the  comparative  effects  pro- 
duced by  the  6.3-inch  and  8-inch  shells,  respectively,  were 
proportional  to  the  charges,  or  as  the  cubes  of  the  diameters  of 
the  shells. 

265.  In  the  experiments,  No.  13  of  1847,  and  No.  26  of  1849, 
the  shells  were  buried  in  earth  at  considerable  depths,  or 
embedded  in  masses  of  timber.  Such  as  were  lodged  in  earth 
formed  regular  mines,  whose  charges  in  exploding  compressed 
the  earth  in  every  direction,  according  to  well-known  laws, 
forming  what  is  technically  called  a  "  globe  of  compression,"  the 
craters  having  their  axes  in  the  lines  of  least  resistance ;  while 


•  Analysing  the  shell  experiments  of  1839  against  the  "  Prince  George  *' 
hulk,  at  1200  yards'  distance,  it  appears  that,  on  the  22nd  of  November, 
7  shells  were  fired,  of  which  3  did  not  explode. 
Nov.  23rd. — 4  shells  were  fired ;  2  did  not  explode. 
Nov.  29th. — 10  shells  were  fired  ;  7  did  not  explode,  and,  none  that  grazed 

survived. 
Nov.  30th. — 12  shells  were  fired ;  6  passed  over  the  hulk,  and,  of  the  other 

6,  2  did  not  explode. 
Dec.  Ist. — 31  shellii  were  fired  ;   16  did  not  explode,  and  all  that  grazed 

were  extinguished. 
Dec.  3rd. — 22  shells  were  fired ;  8  did  not  explode,  1  burst  short,  1  passed 
'  over  the  hulk,  grazed,  and  was  extinguished,  1  went  over,  made  three 
grazes,  and  then  exploded. 
Thus,  out  of  80  shells  that  struck,  38  did  not  explode. 

In  the  ricochet  experiments  at  Southsea,  in  1838 — 

Oct.  27th. — 10  shells  were  fired ;  of  which  2  burst. 

Oct.  30th. — 14  shells  were  fired ;  3  burst. 

Oct.  31st. — 8  shells  were  fired;  none. burst. 
So  that  only  5,  out  of  32  shells  fired,  burst  in  ricochetting. 

^  Experiment  No.  13,  1847—"  Excellent." 

«=  Experiment  No.  26, 1849— **  Excellent." 
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the  shells  lodged  in  timber,  from  the  fibrous  nature  of  that 
material,  formed  irregular  wounds  of  considerable  length,  and 
detached  large  masses  of  splinters,  l5ut  in  a  manner  to  show 
little  analogy  between  the  effects  of  shells  embedded  in  the  two 
different  mediums :  yet  the  shell  which  explodes  when  lodged  in 
the  side  or  body  of  a  ship  is,  in  fact,  a  mine ;  and,  as  such,  is 
capable  of  producing  the  most  destructive  effects.  But  to  obtain 
this  effect  on  so  small  an  area  as  a  ship  occupies  on  a  horizontal 
plane,  from  shells  projected  at  a  considerable  elevation,  as  in 
what  is  called  vertical  firing,  is  a  very  difficult  matter,  and  the 
practice  forms  a  very  different  case  from  that  of  shells  projected 
horizontally  (Art  268).  Concussion-fuzes,*  or  percussion-shells, 
are  best  adapted  to  the  latter,  but  are  inapplicable  to  the  former. 
Time-fuzes,  therefore,  must  continue  to  be  employed  in  hori- 
zontal shell-firing,  though,  for  this  purpose,  they  are  not  always 
to  be  depended  on. 

Even  when  good  and  safe  percussion  or  concussion  shells  shall 
have  been  obtained,^  time- fuzes  will,  nevertheless,  be  required, 
in  the  naval  service  for  sheU-firing  at  troops  on  shote^  at  open 


'  It  may  here  be  necessary  to  explain  to  some  readers  wherein  consists  the 
difference  between  the  terms  "  concussion  "  and  "  percussion,"  applied  to  fuzes 
and  shells.  A  "concussion'.'  fuze  is  provided  with  an  internal  mechanism,  so 
nicely  adjusted  as  to  withstand  the  first  shock  which  the  shell  receives — viz. 
that  occasioned  by  the  explosion  of  the  charge — and  resist  any  other  that  may 
be  occasioned  by  grazing  short,  while  it  shall  yield  to  the  concussion  occasioned 
by  the  impact  of  the  shell  on  the  body  stnick;  this  concussion,  by  shaking 
the  burning  composition  of  the  fuze  into  the  loaded  cavity  of  the  shell,  in- 
stantly causes  the  latter  to  explode.  A  "  percussion "  fuze  or  shell  is  one 
fitted  or  filled  with  a  chemical  composition  of  highly  explosive  character, 
which  bursts  the  shell  at  the  moment  of  striking,  without  being  previously 
ignited. 

^  The  recent  inventions  of  Sir  William  Armstrong  entirely  fulfil,  by  some 
chemical  action,  the  conditions  required  of  such  fuzes.      See  Art.  241,  p.  207. 

•^  The  answer  to  question  45,  page  11,  of  the  'Catecliism  on  Naval  Gun- 
nery,' used  on  board  the  "  Excellent,'*  states  "  that  fuzes,  not  being  always 
driven  with  the  same  weight  or  force  of  blow  (that  is,  by  hand),  do  not. bum 
equal  parts  in  equal  times ;  and  it  is  recommended  to  ascertain  experimentally 
the  rate  of  burning  of  the  batch  of  fuzes  intended  to  be  used,  by  trying  one 
or  more  with  a  pendulum,  before  the  practice  commences" — a  caution  highly 
necessary  from  the  deterioration  of  fuzes,  in  long  services  on  foreign  stations, 
from  heat  and  damp.  This  observation  carries  the  author  back  to  a  time 
when,  in  the  command  of  an  extensive  brigade  of  8-inch  howitzers,  he  had 
am]ile  ex]^erience  of  this,  and  of  the  difficulties,  uncertainties,  and  intricacies 
involved  in  the  whole  question  of  fuzes. 

It  then  appeared  to  the  author  that  the  operation  of  driving  fuzes  might 
best  be  performed  by  mechanical  agency,  which  alone  can  give  tliat  j)erfectly 
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boats  crowded  with  troops,  ships  filled  with  men  on  their  upper 
decks ;.  also  for  the  bombardment  of  towns-  and  fortresses,  and 
the  destruction  of  storehouses,  barracks,  or  magaziues  (Art. 
200)  ;  forall  which  purposes  mortar,  and  not  howitzer,  shells  are 
required,  with  time-fuzes  to  cause  the  shells  to  explode  after 
having  penetrated  to  their  basements.  Without  time-fuzes,  what 
would  Lord  John  Hay  have  done  at  Bilboa,*  or  Sir  E.  Stopford 
at  Acre  ?    (See  Art.  201.) 


equable  compression  to  the  composition  wliich  is  requisite  to  ensure  equality 
in  burning. 

For  this  a  machine  was  contrived,  by  which  each  addition  of  composition 
received  an  equal  degree  of  compression  throughout,  by  hammers  or  mallets, 
of  equal  weight,  falling  freely  through  equal  spaces,  with  nice  adjustments  by 
which  the  spaces  of  descent  of  the  hammers  might  be  accurately  maintained 
throughout  the  operation. 

The  fuzes  thus  driven  were  found  to  bum  much  more  equably  than  those 
driven  by  hand ;  and  by  this  machine  a  great  many  fuzes  might  be  driven  at 
tfae  same  time,  with  the  same  moving  ix)wer.  1'he  machine  was  of  a  very 
rude  and  imperfect  construction,  having  been  made  for  the  trial.  Perhaps 
the  author  was  not  wrong  in  principle  in  proposing  such  a  machine  ;  and, 
having  often  since  witnessed  much  error  and  uncertainty  in  sliell-firing  on 
service,  he  has  looked  back  with  regret  that  some  such  process  had  not  been 
adopted.  Having  read  the  very  just  observation  quoted  from  the  **  Excellent,*' 
and  considering  that  the  description  of  shell-firing  to  which  this  note  relates 
demands  the  utmost  perfection  that  can  be  given  to  this  little  implement,  the 
author  conceives  that  it  may  not  be  unworthy  the  consideration  of  the  able 
and  distinguished  officer  who  now  presides  over  the  Laboratory  Department 
to  apply  his  skill  and  ingenuity  to  devise  some  instrument  more  constant  and 
unerring  than  the  arms  and  hands  of  men,  which  exert  very  different  degrees 
of  physical  force,  however  long  habituated  they  may  be  to  that  particular 
occuixition. 

■  The  practice  of  H.  M.  S.  "  Phcenix  '*  in  May,  1837,  at  St.  Sebastian,  was 
extremely  efficient.  All  accounts  concur  in  attributing  to  the  unexpected 
but  timely  arrival  of  the  steamers,  and  the  extraordinary  effects  of  live-shells, 
the  success  of  the  attack  made  by  the  Queen's  troops  on  the  intrenched  posi- 
tion of  the  Carlists.  IShell-firing  against  troops  on  shore  had  been  previously 
tried,  nearly  in  the  same  place,  from  some  of  the  British  frigates  acting  on 
the  north-west  coast  of  Spain  in  1811,  and  in  the  naval  operations  of  1812. 
These  were  undertaken  lifore  the  campaign  was  opened  on  shore,  to  distmct 
the  attention  of  the  French  forces  in  the  north  of  Spain,  and  thus  prevent 
their  detaching,  as  was  intended,  a  large  portion  of  those  troops  to  reinforce 
Marshal  Marmont ;  also  to  intercept  and  break  up  the  communication  which 
the  French  still  carried  on  by  sea  with  Bayonne  ;  and  further  to  succour  and 
supply  the  guerilla  corps  with  arms,  ammunition,  and  stores.  For  these 
desultory  enterprises,  the  author,  then  serving  in  the  north  of  Si)ain,  directed 
the  issue  of  5i-inch  shells  to  the  British  frigate  the  "  Surveillante,"  and  some 
other  24-pounder  frigates,  to  be  used  against  any  French  **  colonnes  mobiles  " 
which  might  be  endeavouring  to  oppose  or  prevent  the  landing  of  arms  and 
supplies  to  the  guerillas,  should  those  columns  expose  themselves  to  the  fire 
of  the  ships  at  distances  which  neither  case  nor  grape  shot  could  reach,  nor 
round  shot  be  used  with  advantage.  The  shells  were  applied  by  the  late 
gallant  Sir  George  Collier,  his  first  lieutenant  O'Reilly,  and  other  meritorious 
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266.  From  experiments  carried  on  at  Gavre,  in  France,  in 
1836,  it  is  found  that  a  projectile  will  not  lodge  in  a  mass 
of  timber  unless  it  penetrate  to  a  depth  nearly  equal  to  its 
diameter ;  the  strength  or  elasticity  of  the  fibres  forcing  the 
shell  out,*  if  the  penetration  be  not  deep  enough  to  allow  the 
fibres  to  close  behind  the  projectile,  and  thus  keep  it  embedded 
in  the  wood.  It  is  from  this  circumstance  that,  in  ordinary 
shell-firing  from  ships  which  are  continually  varying  their  dis- 
tances, charges  suflScient  to  obtain  the  necessary  penetration  and 
ensure  the  lodgment  of  the  shell,  must  always  be  used,  and  fuzes 
prepared  for  corresponding  times  of  flight ;  but  the  percussion 
or  concussion  fuze  obviates  all  these  complications. 

In  horizontal  shell-firing  considerable  velocity  is  required,  that 
the  shell  may  have  suflicient  penetrating  power  to  act  as  a  shot,^ 
if  from  any  defect  in  the  fiize  it  fail  as  a  shell;  for,  if  the 
striking  velocity  and  penetrating  power  be  small,  the  explosive 
action  is  rather  towards  the  exterior,  on  which  side  the  line  of 
resistance  is  the  least,  than  towards  the  interior  of  the  ship ;  and 
this  is  the  reason  why  shells  that  do  not  strike  with  considerable 
horizontal  velocity  so  frequently  explode  outwards,  and  throw 
their  fragments  back.  (See  shell  experiments  of  1838  against 
the  "  Prince  George "  hulk,  at  1,200  yards.)  With  a  .little 
more  penetrating  power,  the  explosion  may  take  place  both  ways. 
If  an  8-inch  or  a  10-inch  shell,  either  of  which  constitutes  a 


officers,  with  great  skill  and  effect,  in  a  manner  to  furnish  strong  proof  that, 
for  such  purposes,  live-shells  with  time-fuzes  might  always  be  used  with 
great  advantage. 

In  attacking  a  redoubt,  under  the  protection  of  which  the  Turkish  ships 
had  run  on  shore,  in  the  operations  of  1807,  a  considerable  body  of  Asiatic 
troo])s,  together  with  a  part  of  the  crews  of  the  ships,  having  remained  on  the 
beach,  were  dispersed  by  a  few  shells  from  the  **  Pomp^e." — James'  *  Kaval 
History,'  vol.  iv.,  p.  181. 

*  This  frequently  occurred  in  the  shell  experiments  of  1838,  by  which  it 
api3cars  that  many  shells  rebounded  on  striking,  from  not  having  penetrated 
sufficiently. 

^  A  remarkable  proof  of  the  importance  of  this  occurred  in  the  shell  experi- 
ments of  the  22nd  of  November,  1838 — round  No.  5,  when  a  32-pounder  shell 
penetrated  the  side  of  the  hulk  "  Prince  George,"  below  the  water,  lodged 
behind  a  rider,  and  made  an  oiieninj;  in  the  side,  which  allowed  the  water  to 
rush  in  with  considerable  force :  the  perforation  was  in  such  a  position  that 
the  car})enters  who  were  present  stated  that  it  would  have  been  im]x)ssible 
for  them  to  have  plugged  or  stopped  the  leak  from  the  inside :  the  sliell  did 
not  explode.  Had  the  fuze  acted  concussivcly,  no  such  serious  penetrating 
effects  could  have  been  produced. 
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powerful  mine,  sliould  hit  and  lodge  in  a  vessel  anjTrbere  below 
the   watei'-line,   and   explode  outwards,   it  might   prove  most  - 
serious,  and  even  fatal  to  her ;  whereas,  if  it  should  hit  anywhere 
above  the  water-hne,  and  act  outwardly,  the  effect  would  not 
prove  very  injurious  to  the  ship,  and  not  at  all  so  to  the  crew. 

267.  The  maximum  effect  of  horizontal  shell-firing  with  time- 
fuzes  is  when  the  shell  perforates  the  near  side  of  an  enemy's 
ship,  crosses  the  deck  as  a  shot,  jieuetrates  into  the  other  side 
just  so  far  as  that  the  line  of  least  resistance  may  be  inwards, 
and  then  exploding,  scatters  its  fragments  l>ack  into  the  ship 
(fig.  31.)'  It  tlius  combines,  in  one  and  the  same  projectile,  the 
eflects  of  both  shot  and  shell ;  but  this  requires  a  rare  and 
almost  miraculous  concurrence  of  the  conditions  and  circum- 
stuncea  under  which  the  firing  is  made. 


2138.  In  vertical  shell-firing  against  a  ship,  the  great  difficulty 
and  uncertainty  is  to  hit  the  object, — a  mere  speck  in  the 
amplitude  of  a  long  range ;  but  if  a  shell  should  chance  to  fall 
upon  a  sliip,  it  must  either  lodge  in  her  or  pass  through  her 
bottom  and  sink  her.  In  this  practice  the  fuze  must  bum  long 
enough  to  exceed  somewhat  the  time  of  flight.  In  horizontal 
shell-firing  the  conditions  are  very  different :  the  probability  of 
hitting  is  very  great ;  and,  in  close  action,  in  a  smooth  sea,  may 
be  considered  certain ;  but  the  difficulties  and  nucertainties 
relating  to  the  fuze  become  then  very  great  The  horizontal 
velocity  is  such  that  the  shell  passes  over  large  portions  of  the 

■  The  tnrgela,  intendoj  to  repreaent  parts  of  (he  sections  of  sliip,  as  in 
fig.  31  above,  and  fig.  32,  p.  26S,  consisted  of  piles  driven  into  a  mud-liBiik  at 
Inw-wiilcr :  the  bank,  wiipn  not  covered  1iy  the  sen,  exhibited  on  its  surfaoo 
the-  grazes  of  the  fra^ents  which  passed  beyond  tiif  surfaces  of  the  targets. 
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range  in  times  so  short,  that  the  smallest  error  in  the  estimated 
time  during  which  the  fuze  will  bum,  destroys  the  effect.  The 
shell  may  either  explode  prematurely,  or  may  pass  through  both 
sides  of  the  enemy's  ship  without  exploding.  The  latter  will  be 
most  frequently  the  case,  from  the  great  care  which  must  be 
taken  that  the  shell  should  act  as  a  shot  in  the  event  of  the  fuze 
being  extinguished  on  grazing  the  water  or  striking  the  ship. 
On  an  average,  the  probabilities  of  the  former  event  happem'ng 
and  not  happening  are  as  4  to  5,  and  of  the  latter  as  1  to  3 
(see  Art.  264). 

269.  From  what  has  been  stated  in  the  preceding  Articles 
(264  to  268),  it  is  evidently  essential  to  the  eflSciency  and 
simplicity  of  horizontal  shell-firing,  that  the.  shells  should  be  of  a 
nature  to  explode  with  the  utmost  certainty  on  striking  the 
object.  It  became,  therefore,  of  vast  importance  to  endeavour  to 
obtain  either  an  infallible  concussion-fiize,  or  a  safe  and  eflScient 
percussion-shell  (see  the  definition,  Art.  265,  Note  *,  p.  258), 
which  may  be  free  from  the  danger  arising  from  imscrewing  the 
cap  of  a  metal  fuze  (Arts.  263,  286),  and  may  not  require  to  be 
introduced  into  the  gun  before  the  cap  is  taken  off;  so  that  the 
gun  may  be  loaded  with  shell  as  quickly  as  with  shot  It  is  of 
equal  importance  that  the  vital  principle  of  the  shell  should  not 
be  destroyed  in  its  flight  by  being  immersed  in  water,  in  graz- 
ing, which  so  frequently  extinguishes  the  fiizes  of  the  common 
and  concussion  shells,  nor  be  liable,  like  them,  to  be  choked  by 
the  fibres  of  the  medium  struck. 

Should  such  weapons  of  destruction  be  obtained,  their  effects 
upon  and  in  ships  will  depend  mainly  on  the  number  of  impacts, 
in  a  given  number  of  rounds,  on  such  solid  parts  of  a  vessel  as 
present  suflBcient  resistance  to  the  blows  to  occasion  the  ex- 
plosion of  the  shell,  by  which,  together  with  the  horizontal  force 
of  the  latter,  the  fragments  may  be  driven  through  the  side  and 
into  the  ship,  with  power  suflScient  to  produce  an  effect  similar  to 
that  wliich  is  depicted  in  fig.  32,  p.  266. 

The  explosive  agents  contained  in  a  percussion-shell  being 
necessarily  so  fortified  as  to  withstand  the  resistance  of  a  gra&e 
and  the  reaction  which  produces  the  rebound,  and  being  capable 
of  exploding  only  when  a  more  violent  shock  of  impact  takes 
place,  it  follows  that  a  percussion-shell  might  perforate  a  slender 
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or  unrigid  body  without  exploding,  and  even  enter  a  port  and 
pass  across  the  deck  to  the  opposite  side  of  the  ship,  without 
producing  any  effect  as  a  shell. 

It  may,  therefore,  here  be  remarked  that  neither  a  concussion- 
fiize  nor  a  percussion-shell  are  suitable  weapons  to  be  used  for 
dismantling  purposes  (see  Part  IV.,  Sect  iv.) ;  for  although  a 
shell  may  be  capable  of  bringing  down  a  mast  by  a  direct  hit, 
whether  it  burst  or  not,  and  would  infallibly  fell  a  lower  mast, 
did  it  explode  on  striking,  yet  this  is  but  a  remote  probability ; 
and  therefore  shells  whose  explosion  depends  upon  striking  a 
resisting  body  with  great  percussive  force,  would  be  wasted  if 
fired  at  the  rigging ;  and  in  general  it  may  be  said  that  although 
shells  which  do  not  explode  will  produce  as  much  damage  to 
masts,  sails  and  rigging,  as  shot  of  the  same  diameter,  yet  this 
equality  of  effect  would  be  obtained  by  a  projectile  which  costs 
two  or  three  times  as  much  as  a  shot :  shell-firing  with  such  an 
object  must  therefore  be  enormously  expensive.  Shells  may,  no 
doubt,  be  used  mth  considerable  advantage  for  dismantling 
purposes  at  considerable  distances,  particularly  in  chasing  or 
when  chased;  but  for  this  they  should  have  time- fuzes  and 
should  burst  at  a  suitable  distance  short  of  the  ship  (Part  IV., 
Sect  lY.). 

270.  It  has  been  stated  (see  Articles  139,  256)  that  large 
projectiles  are  found  to  strike  objects  more  frequently  than 
sQiall  ones  of  equal  density,  fired  with  proportional  charges;* 
but  that  some  of  the  causes  of  deflection  (as  a  strong  wind 
blowing  across  the  range)  act  more  powerfully  on  large  pro- 
jectiles, especially  those  that  are  hollow,  than  on  solid  shot ;  and 
that  the  probability  of  large  hollow  projectiles  striking  an  object 
as  frequently  as  solid  shot,  diminishes  as  the  distance  of  the 
object  increases;  also  that  the  deflection  is  most  apparent 
towards  the  end  of  a  long  range  (Art.  247). 

When  large  and  small  projectiles  are,  both,  shells  or  hollow 
shot,  and  are  fired  with  charges  which  are  to  each  other  as  the 
densities  of  the  projectiles,  the  same  law  obtains :  the  inferiority 
of  precision  in  the  smaller  shell,  with  respect  to  the  proportion 


•  Piohert,  *  TraiU  d'Artillerie,'  torn.  ii.  p.  270.     Ward,  p.  28,  Metz  ex- 
periments, 1816  to  1825 ;  and  *  Suite  des  Experiences  a  Gavre,'  1844. 
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of  hits,  is  manifest,  and  increases  with  the  distance  of  the  object, 
on  account  of  the  greater  surface  of  the  smaller  sphere,  com- 
pared with  its  weight,  and  consequently  mth  its  momentum. 
The  smaller  shell  has,  in  fact,  less  power  to  overcome  the 
resistance  of  the  atmosphere,  and  therefore  does  not  retain  its 
velocity  so  long  as  the  larger  shell. 

But  when  large  and  small  projectiles  are  not  of  equal  density 
— ^the  former  being  a  shell  or  hollow  shot,  and  the  latter  a  solid 
ball — the  case  is  materially  altered,  and  even  reversed. 

Lieutenant  Ward,  in  his  excellent  treatise,  already  so  fre- 
quently noticed,  as  well  as  all  other  naval  authorities,  lays  it 
down  as  a  principle  that,  at  long  ranges  and  with  guns  of 
different  calibres,  the  probabilities  of  hitting  a  given  object  are 
as  the  squares  of  the  diameters  of  the  balls,  supposing  all  to  be 
of  equal  density,  and  to  be  fired  with  proportional  charges.* 
But  when  the  densities  are  so  unequal  as  those  of  hollow  shot, 
or  shells,  and  solid  shot,  whether  of  the  same  or  of  diflFerent 
diameters,  the  probability  of  hitting,  in  distant  firing,  is  in  favour 
of  the  denser  projectile ;  and  it  appears  from  the  experiments  of 
1838,  made  on  board  the  "Excellent^**  that  this  was  found  to  be 
the  case  at  short  ranges  likewise.^ 


•  This  maxim  teaches  an  important  lesson  in  favour  of  solid-shot  guns  of 
large  calibre,  which  appears  not  to  have  been  without  profit  to  the  service  to 
wliich  Lieut.  Ward  belongs. 

^  On  the  18th  of  October,  1838,  on  board  the  "  Excellent,"  11  rounds  of 
single  shot  were  fired  from  a  32-pounder,  9  ft,  6  in.  long,  and  weighing  66 
cwt.,  against  a  target  set  up  at  a  distance  of  400  yards ;  the  charge  was 
8  lbs.  and  the  elevation  half  a  degree.  At  every  round  the  target  was  struck ; 
but  at  the  fifth  its  top  was  just  grazed.  The  gun  was  worked  by  13  men, 
and  tlic  time  in  which  all  the  11  rounds  were  fired  was  7  niins.  10  seconds. 
On  the  same  day  11  rounds  of  single  shot  (hollow)  were  fired  against  the 
target,  at  the  same  distance,  from  a  68-pounder  gun,  9  feet  long  and  weighing 
G5  cwt. ;  the  charge  was  10  lbs.,  and  the  elevation  j^.  At  the  first,  second, 
and  fourth  rounds,  the  target  was  struck  ;  but  at  all  the  others  the  shot 
fell  short,  except  at  the  11th  round,  when  it  fell  close  to  the  right  stall"; 
and  at  the  0th  and  8th  rounds  the  shot  was  deflected  to  the  right  hand.  The 
gun  was  worked  by  15  men,  and  all  the  11  rounds  were  fired  in  7  mins. 
40  seconds. 

On  the  same  day  also  11  other  rounds  of  solid  shot  being  fired  from  the 
same  3li-iK)under  gun,  with  an  equal  charge  and  elevation,  there  wore  three 
hits,  one  of  which  was  in  the  bull's-eye,  and  three  other  shot  touched  the 
tar;:^et :  wliilo  11  hollow  shot  being  fired  from  an  8 -inch  gim,  weighing 
GS  cwt.,  with  a  charge  of  10  lbs.  and  an  elevation  equtU  to  i^,  two  only 
hit. 

Ex]M3rimcnt,  17th  of  October,  1838. — 15  rounds  of  hollow  shot  being  fired 
from  an  8-inch  gun,  of  65  cwt.,  charge  12  lbs.,  elevation  i,^,  at  400  yards,  and 
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The  author  has  been  at  great  pains  to  examine  very  closely 
the  important  problem  of  the  probability  of  hitting  small  objects 
of  equal  and  difiFerent  surfaces,  imder  all  varieties  of  circum- 
stance ;  and  he  would  refer  the  reader  to  the  subjects  of  proba- 
bilities and  deviations  which  are  stated  at  Articles  139,  140, 
and  146.  Also  to  Articles  161,  162,  163,  249,  and  250,  for  the  . 
results  relating  to  ranges  and  penetration  which  have  been 
obtained  from  experiments  made  on  board  the  "Excellent." 
Eeference  may  also  be  made  to  Articles  250  and  251  for  the 
relative  accuracy  of  solid  and  hollow  shot,  and  of  solid  shot  and 
shells. 

271.  Although,  as  has  already  been  shown  (Art.  264),  the 
destructive  effects  of  an  exploding  shell  are  the  greatest  when 
it  is  embedded  in  a  material  whose  fragments  may  be  torn  and 
scattered  in  every  direction,  and  consequently  that  the  maxi- 
mum effect  which  a  shell  is  capable  of  producing  on  and  in  a 
ship  is  when  the  shell  lodges  in  some  part  of  her  mass  and  then 
explodes ;  yet  so  great  are  the  difficulties  of  obtaining  such  a 
result  in  practice,  that  it  has  become  a  highly  important  object 
to  endeavour  to  obtain  some  safe  method  of  causing  shells  to 
explode,  whilst  moving  with  great  horizontal  velocity,  on  striking 
a  ship ;  and  the  effects  of*  horizontal  shell-firing  we  are  now  to 
explain. 

The  actions  of  shells  which  explode  on  striking  some  solid 
part  of  a  ship,  though  extremely  formidable  both  to  the  vessel 
and  to  her  crew,  are  far  less  so  to  the  ship  than  those  of  an 
embedded  shell;  and  the  two  cases  are  essentially  different, 
since,  if  the  percussive  agent,  whatever  it  be,  perform  its  pecu- 


tlie  same  number  of  rounds  of  solid  shot  fired  from  a  32-poundcr  gun,  of  56 
cwt.,  charge  10  lbs.  11  oz.,  elevation  J^,  the  last  five  rounds  double-shotted, 
same  distance,  tlie  32-pounder  gun  made  the  best  practice. 

With  respect  to  the  accuracy  and  penetrating  power  of  solid  shot  fired  from 
32-pounder  guns  at  1200  yards,  the  following  results  were  obtained  from  the 
Experiments  on  the  17th  of  October,  1838. — Six  rounds  of  solid  shot  being 
fired  from  a  32-pounder  gun,  50  cwt.,  charge  8  lbs.,  elevation  21*^,  there  were 
five  direct  hits ;  and  one  shot  ricochetted  and  struck  the  hulk  ;  the  penetra- 
tions were  22,  25,  36,  and  48  inches.  The  two  first  penetrated  directly  or 
diagonally  into  perfectly  sound  wood ;  the  last  diagonally  into  solid  but  un- 
sound wood. 

Five  solid  shot  being  fired  from  a  32-poundcr  gun,  46  cwt.,  charge  6  lbs., 
elevation  2f  ^,  all  struck  the  object  directly.  Penetration  39  inches  diagonally, 
through  sound  plank  and  into  solid  timbers. 
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liar  office,  the  shell  to  whicli  it  is  attached  cannot  lodge  in  the 
wood.  When  a  shell  exploflea  in  passing  through  a  ship's  side, 
the  effect  resembles  that  which  accompanies  the  explosion  of 
a  spherical  caae-shot  after  being  projected  from  a  gun :  the 
splinters,  usually  fifteen  or  sixteen  in  number,  are  carried  for- 
ward into  or  across  the  ship  in  diverging  paths,  whose  directions 
are  compounded  of  that  of  the  original  projectile  force  and  of 
those  which  the  splinters  would  take  from  the  action  of  the 
bursting  charge  alone.     The  cone  of  dispersion  formed  by  the 


splinters  (%.  32)  has  frequently  been  observed  by  the  author 
when  standing  in  a  line  perpendicula*  to  the  axis  of  the  cone,  or 
in  the  direction  of  the  target.  The  paths  of  the  splinters,  being 
thus  in  the  directions  of  the  resultants  of  the  two  forces  just 
mentioned,  have  not  a  great  lateral  divergency ;  and  therefore 
the  risk  of  casualties,  at  some  distance  from  the  original  direc- 
tion of  the  shell,  is  amall  compared  with  that  which  attends  the 
««plosion  of  an  embedded  shell.  WTiilst  it  ia  admitted  that  the 
force  and  effects  of  the  explosion  of  an  embedded  shell  on  a 
ship  are  in  general  more  destructive  than  those  of  a  shell  which 
bluets  in  passing  rapidly  through  the  side,  it  is  equally  true  that 
the  latter  are  moce  destructive  than  the  former  upon  the  gim- 
crews  of  the  adjoining,  and  still  more  upon  the  opposite,  guns, 
when  both  batteries  are  manned,  and  upon  all  the  people  on  the 
fighting-decks  within  the  limits  of  the  cone  of  dispersion. 

The  32-pounder  gim  most  frequently  used  in  the  experi- 
ments referred  to  in  Art  270,  Note  '',  p.  264,  in  the  comparison 
with  other  descriptions  of  ordnance,  was  the  50-cwt.  gun,  the 
windage  of  which  (see  Tables  V.  and  XXIV.,  Apiiendix  B,  and 
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Art.  204,  Note)  is  excessive,  being  .233  inch,  whereas  that  of 
the  gun  against  which  its  range  and  precision  were  tried  is  only 
.125.  This  old  pattern  gun  is  the  only  specimen  of  naval 
ordnance  of  former  times  remaining  in  use.  It  is  no  doubt 
a  powerful  gun,  from  its  length  and  service-charge,  but  it  is 
defective  in  precision  on  account  of  its  excessive  windage : 
it  is  therefore  very  much  to  be  desired  that  the  new  32- 
poimder  of  58  cwt,  length  9  feet  6  inches,  charges  10,  8,  and 
5  lbs.,  windage  .2,  proposed  by  Colonel  Dundas,  should  be 
sanctioned,  and  forthwith  provided,  at  least  for  trial.  It  may 
then  be  determined  what  more  can  be  done  towards  the  im- 
provement of  that  valuable  class  of  gun,  and  particularly 
whether  the  windage  might  not  be  reduced  to  .175.  The  32- 
pounders  of  45  and  42  cwt.  (Monk's  guns,  B.  and  C.)  have  only 
.173  windage,  and  all  the  guns  bored  up  from  24-pounder8  only 
.123 ;  and  there  can  be  no  reason  why  the  new  32-pounder  of 
58  cwt.  should  have  more.  The  pernicious  and  discreditable 
anomaly  which  still  exists  with  respect  to  the  windage  of  32- 
pounders  (Art.  204,  Note)  will  then  in  a  great  measure  dis- 
appear. 

272.  From  all  the  preceding  statements  of  the  relative  prac- 
tice with  shell-guns  and  the  new  ordnance  for  projecting  heavy 
solid  shot,  it  appears  that,  for  power  of  range  (see  Arts.  248, 
249,  251),  for  penetrating  force  (Arts.  161,  250),  and  par- 
ticularly for  accuracy  of  practice  (Art.  270,  with  the  Note  **),  the 
solid  shots  fired  from  the  long  and  powerful  guns  recently  con- 
structed are  more  eflScient  than  hollow  shots  from  shell-guns. 
By  many  experiments  (see  Arts.  251,  252)  it  is  found  that  the 
deviations  of  hollow  shot  from  the  point  of  aim  are  greater  than 
those  of  solid  shot  The  inferiority  of  shell-guns  would,  how- 
ever, be  amply  compensated  by  their  great  capacity  for  throw- 
ing projectiles  of  superior  magnitude,  either  hollow  shot  or 
shells,  if,  as  was  generally  the  case  during  the  last  war,  a  ship 
could  always  attain  a  position  for  action  within  1500  yards  (Art.  . 
252)  mthout  previously  sufiFering  serious  damage :  yet  one  dis- 
advantage to  which  a  ship  carrying  shell-guns  would  still  be 
subject  is  that,  being  chambered,  those  guns  are  not  so  favour- 
able as  others  for  quick  loading  (Art  226). 

Shell-guns  and  shell-firing  are,  as  yet,  untried  in  actual  com- 
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bat,  in  broadside-batteries ;  but  there  can  be  no  doubt  that,  in  a 
future  war,  a  ship  armed  chiefly  with  shell-guns,  and  not  carry- 
ing with  them  a  due  proportion  of  solid-shot  guns,  by  which  it 
may  be  adapted  for  action  at  great  distances  and  at  close 
quarters,  will  have  to  endure  the  serious  ordeal  of  much  distant 
firing,  in  which  the  superior  accuracy  of  solid  shot,  in  their 
flight,  wUl  give  to  the  opposing  ship,  if  more  abundantly  pro- 
vided mth  such  projectiles,  and  if  its  crew  have  equal  skill  in 
gunnery,*  a  decided  advantage  over  the  other  (Art  257).  * 

It  appears  therefore,  to  the  author,  to  be  a  great  mistake  to 
suppose  that  the  propulsive  power  of  steam,  and  the  effects 
anticipated  &om  shell-guns,  will  cause  actions  at  sea  to  take 
place  at  close  quarters  only,  and  to  be  decided  in  a  few  minutes. 
Steam  gives  the  means  of  avoiding,  as  well  as  of  closing  to 
action,  and  when  that  giant  power  shall  have  been  applied  to 
line-of-battle  ships,  as  well  as  to  other  vessels  of  war,  as  a  loco- 
motive battle  power,  naval  evolutions  will  be  capable  of  being 
executed  with  the  utmost  precision ;  and  hence  the  principles  of 
naval  warfare  with  steam  as  well  as  wind  will  require  to  be  well 
studied  and  practised  by  naval  ofiScers,  in  order  that  they  may 
qualify  themselves  for  the  various  operations  to  which  the  new 
power  in  alliance  with  the  sail  will  give  rise.  (See  the  '  Treatise 
on  Naval  Warfare  with  Steam/  by  the  author).  The  destructive 
effects  of  shell-firing  at  short  distances,  and  the  extension  that 
has  been  given  to  the  projectile  powers  of  artillery  for  very  dis- 
tant firing,  tax  fix>m  tending  to  render  close  action  unavoidable 
or  preferable,  and  naval  battles  of  very  short  duration,  will,  it 
may  rather  be  presumed,  cause  actions  at  sea  in  general  to  be 
commenced  at  great  distances,  and  be  conducted  with  the 
utmost  circumspection,  tactical  skill,  and  practical  science. 

273.  The  final  struggle  at  close  quarters  will,  no  doubt,  be 
preceded  by  efforts  even  more  strenuous  than  tliose  employed  on 
former  occasions  to  cripple  the  enemy  at  a  considerable  distance, 
whilst  endeavouring  to  close,  as  in  the   actions  between  the 


*  "  L'artillerie  est  une  science  tr^s  compliqu^e.     L'oflicier  dcs  marine  qui 

])0ssede  cette  science  est  le  maitre  de  celui  qui  IMgnore :  c'est  une  assertion 

qui  deviendra,  pour  vous  une  y6nt4  ^vidente,  en  proiK>rtion  dcs  connaisanccs 

rc^elles  que  vous  acqu<5riez  dans  1&  science  do  l'artillerie." — Ueheral  Du  Lourg, 

I /Organisation  de  la  Marine,'  p.  358.    Paris,  1841). 
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"  Macedonian  "  and  the  "  United  States  "  (see  Pai-t  V.).  No 
longer  will  a  ship  be  permitted,  with  impunity,  to  run  down, 
end-on,  against  her  opponent ;  nor,  without  serious  damage,  will 
divisions  of  fleets  in  line  a-head,  as  at  Trafalgar,  be  permitted 
to  advance,  almost  imscathed,  against  the  broadside-batteries  of 
heavily  armed  ships  waiting  to  receive,  and,  with  improved 
gunnery,  well  prepared  to  meet  that  mode  of  attack.  Of  this 
we  find  distinct  warning  in  all  the  commentaries  that  have  been 
written  on  the  naval  actions  of  the  late  war.  (See  De  la 
ChavierCy  voL  ii.,  pp.  185,  188.)  Seeing  the  progress  which  is 
now  being  made  by  foreign  nations  in  introducing  into  their 
ships  new  and  more  powerful  guns,  with  the  doubts  which  begin 
to  be  entertained  of  the  superiority  of  canons-obusiers  and  the 
incendiary  system  {De  la  Qravihre,  'Guerres  Maritimes,'  vol. 
i  pp.  98,  99,  and  other  writers ;  see  also  Arts.  257,  261),  we 
cannot  fail  to  be  convinced  that  distant  firing  will  be  the  ruling 
practice  on  which  success  will  principally  depend  in  future  war. 
This  will  require  a  corresponding  armament  of  long  and  power- 
ful guns  in  our  ships  of  war,  and  particularly  in  steam- vessels. 
At  present  the  heaviest  solid-shot  gun  in  line-of-battle  ships  of 
the  British  navy  is  the  32-pounder!  while  shell-guns  are  pre- 
ferred for  the  bow  and  stem  armament  of  steamers.  It  is 
important  to  remark  here  that  the  weight  of  the  French 
30-pounder  shot  is  about  32J  lbs.  English,  and  that  the  French 
36-pounder  shot  weighs  nearly  39  lbs.  English.*  The  new  French 
60-pounder  (weight  of  shot  66  lbs.  English),  tried  at  Gavre  in 
1848,  though  not  yet  adopted  as  a  naval  gun,  is  nearly  equal  to 
our  68-pounder,  which  the  author  has  no  doubt  will  hereafter  be 
applied  to  the  naval  service. 

It  will  not  indeed  be  always  in  the  power  of  the  commander  of 
a  ship,  however  desirous  he  may  be  of  avoiding  close  action,  to 
be  able  to  accomplish  that  purpose ;  for  in  thick  weather,  or  in 
a  dark  night,  vessels  may  unexpectedly  fall  in  with  and  be  very 
near  before  they  discern  each  other.     These  contingencies  may 


•  *  Aide  M^moirc  Navale,*  p.  664.  A  new  50-ponnder  gun,  which,  by  a 
regulation  of  the  27th  July,  1849,  was  to  have  entered  largely  into  the  arma- 
ment of  the  French  navy,  has  since  been  withdrawn  from  the  batteries  of 
ships. 
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happen,  and  a  close  action  may  be  thus  suddenly  brought  on ; 
but  it  may  be  presumed  that  the  occurrence  of  such  surprises 
will  be  as  rare  -as  they  have  been  in  former  wars  between  ships 
armed  in  the  usual  way.  Either  the  ships  may  come  together 
by  accident,  and  then  the  surprise  will  be  mutual ;  or  one  of 
the  two,  previously  knowing  the  position  of  the  other,  may  take 
advantage  of  the  obscurity  to  approach  her  unseen ;  but  this 
implies  a  di£ference  in  the  degrees  of  vigilance  on  board  the  two 
ships  which  is  scarcely  within  the  b'mits  of  probability.  Should 
the  surprise  be  mutual,  the  disadvantage  will  certainly  be  on 
the  side  of  the  ebip  which  is  not  armed  with  shell-guns ;  if  both 
are  so  armed,  and  of  equal  strengjbh,  it  is  evident  that  they  may 
then  engage  on  equal  terms. 

274.  The  10-inch  ebell-gun  is  no  doubt  a  formidable  piece  of 
ordnance ;  its  shell  in  exploding  is  a  powerful  mipe ;  but  it  is 
inferior  in  range  to  the  heavy  guns  now  in  use  in  the  British 
navy,  excepting  the  lower  classes  of  32-pounders.  The  weight 
of  the  10-inch  shell-gun,  when  first  introduced,  was  81  cwt ; 
but  this  was  increased  to  86  cwt.,  by  surrounding  the  breech 
and  charging-cylinder  with  an  ad^tional  4  cwt.  of  metal, 
and  taking  away  about  2  cwt.  fix>m  the  forepart^  by  which 
means  it  has  more  ^  preponderance,**  and  is  made  to  approxi- 
mate nearer  to  the  new  principle  stated  in  Art  216.  The 
small  proportion  of  windage  given  to  the  10-inch  shell-guns 
(.16  of  an  inch — ^the  same  as  a  common  howitzer — thd  68- 
pounder  gun  having  .2  of  an  inch)  is  also  an  improvement 
A  68-pounder  gun  (Art  218)  may  be  used  for  firing  8-inch 
shells  as  well  as  68-lb.  shot  For  shell-firing,  indeed,  it  is 
not  superior  to  the  10  or  8  inch  guns,  because  shells  will  not 
bear  higher  charges  than  those  established  for  shell-guns  ;  but  a 
10-inch  gun  for  firing  hollow  shot  is  inferior  in  range  to  a  G8- 
pounder  gun  with  solid  shot.  The  difference  of  weight  between 
these  two  pieces  of  ordnance  is  only  9  cwt.,  but  the  superiority 
of  the  latter  in  power  of  range,  accuracy,  and  penetrating  force, 
is  of  vast  moment  in  steam  warfare. 

Comparing  a  10-inch  shell-gun  of  84  cwt,  charge  12  lbs.,  anH 
a  hollow  shot  of  84  lbs.,  with  a  68-pounder  gun  of  95  cwt., 
charge  10  lbs.  and  solid  shot,  in  respect  of  their  range,  we  see 
that  at  an  elevation  of  I*'  the  difference  of  range  is  142  yards,  at 
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2°  it  is  about  190  yards,  in  both  cases  in  favour  of  the  latter ;  at 
3°  the  68-pounder  gun  ranges  about  as  far  as  the  10-inch  gun 
does  at  4° ;  the  range  of  the  former  at  4°  is  greater  than  that  of 
the  other  at  5°;  and  at  higher  elevations  the  differences  in 
favour  of  the  68-pounder  increase  considerably.  At  15°  the 
range  of  the  lO-inch  gun  is  3060  yards,  and'  that  of  the  68- 
pounder  gun  .3660  yards  (Tables  V.,  VI.,  Appendix  B).  If  we 
compare  the  trajectories  of  a  hollow  shot  from  a  10-inch  gun, 
and  of  a  solid  shot  from  a  68-pounder,  the  elevation  of  the 
former  gun  being  5°  and  that  of  the  latter  4° ;  also  the  ranges 
of  the  10-inch  shot  and  the  68-pounder  shot  being,  by  the 
experiments,  1600  yards  and  1760  yards  respectively,  the  angle 
of  descent  for  the  solid  shot  is  much  less  than  for  the  hollow 
shot ;  or  the  former,  near  the  end  of  its  flight,  approaches  much 
nearer  than  the  other  to  a  horizontal  direction ;  and  the  chance 
of  hitting  a  small  object  near  the  extremity  of  the  range  of  a 
shot  is  manifestly  greater  in  proportion  as  the  trajectory*  ap- 
proaches, in  that  part,  nearer  to  a  horizontal  direction ;  that  is. 


'  The  practice  of  representing  the  trajectories  of  shot  may  be  very  advan- 
ti^eously  employed  to  exhibit  the  comparative  curves  in  which  projectiles 
move ;  and,  from  thence,  the  circumstances  which  determine  the  relative 
efficiency  of  shot  and  shells,  of  different  diameters  and  weights,  when  pro- 
jected from  ordnance  of  equal  or  different  dimensions  and  weights,  at  various 
elevations,  and  with  various  charges  of  powder.     The  author  has  laid  down, 
by  means  of  the  first  equation  for  y,  Art.  83  (the  second,  or  third  equation 
for  y,  on  page  56,  is  more  simple  but  rather  less  accurate),  the  trajectories, 
among  others,  of  a  solid  shot  from  a  68-pounder  gun,  and  a  hollow  shot  from 
a  10-inch  gun,  the  ranges  1737  and  1670  yards,  at  the  respective  elevations  of 
4P  and  5°,  having  been  taken  from  the  results  of  experiment  (1835, 1849^  ;  the 
inconvenient  magnitude  of  the  scale  has,  however,  deterred  him  from  naving 
them  engraved  for  this  work.    In  order  to  obviate  any  misapprehension  which 
may  arise  on  the  part  of  the  practical  reader,  with  respect  to  the  correctness  of 
such  tracings,  from  an  opinion  that,  because  they  are  made  by  means  of  a 
theoretical  formula,  they  may  differ  materially  from  the  figures  of  the  paths 
in  nature — the  author  thinks  it  right  to  observe  that  such  difference  cannot 
exist.    The  ranges  having  been  given  by  experiment,  the  initial  velocity,  or 
the  height  due  to  it,  may  be  obtained  from  the  formula  itself  without  the 
uncertainty  which  may  attend  the  direct  computation  of  that  element  by  the 
formula  for  V.,  Art.  64,  or  otherwise.    The  ordinates  of  the  curve,  corre- 
sponding to  any  assumed  values  of  a?,  may  therefore  be  determined  with  as 
much  correctness  as  simplicity,  the  value  of  c,  for  the  particular  nature  of 
projectile,  being  determined  as  in  Arts.  62,  63.     In  the  examples  alluded  to, 
the  range  of  the  68-pounder  shot  is,  by  experiment,  greater  than  that  of  the 
10-inch  shell,  while  its  elevation  is  less ;  therefore  the  curves  must  intersect 
one  another  near  the  end  of  the  range,  and  the  angle  of  descent  of  the  hollow 
shot  be  necessarily  greater  than  that  of  the  solid  shot.    On  this  depend  the 
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as  the  angle  of  descent  is  less.  It  should  be  added,  that  hoUow 
shot,  being  greater  than  solid  shot  of  equal  weight,  are  more 
liable  than  the  latter  to  suffer  lateral  deflection  from  the  action 
of  wind  and  other  causes  (Arts.  144,  247,  251). 

Commander  Dahlgren,  of  the  United  States'  Navy,  in  his 
*  Treatise  on  Shells  and  Shell-guns,'  concurs  (Art.  252),  with 
the  author  in  preferring  greatly  >as  a  pivot-gun  the  68-pounder 
of  95  cwt.  to  the  10-inch  shell-gun,  which  is  deficient  in  ac- 
curacy, force,  and  power  of  range.  .He  states  that  10-inch 
shell-guns  of  the  original  British  pattern  were  adopted  in  the 
United  States*  Navy ;  but,  being  found  deficient  in  the  essential 
qualities  of  length  of  range,  accuracy,  and  penetrating  force, 
have  been  discarded  from  the  United  States'  Navy,  and  re- 
placed by  a  more  efficient  gun. 

275.  The  British  shell-guns,  as  analogous  ordnance  to  the 
French  canons-obusiers  (Art  223),  are  well  adapted  to  the  Bear 
Service ;  the  British  8-inch  gun  of  65  cwt.  is  superior  to  the 
French  canon-obusier  No.  1  (Art  232),  and  is  perhaps  the  best 
chambered  gun  ever  produced,  here  or  elsewhere.  But,  as  has 
been  shown  in  Art  226  and  the  Note,  great  objections  attach  to 
all  chambered  guns,  which,  though,  in  part,  obviated  by  the 
expedient  of  the  cork  wad  (Art  527),  are  not  removed — the 
defects  being  inherent  in  their  construction.  Chambers  are, 
'however,  necessary  evils  in  the  naval  service,  in  ordnance  of 
such  large  calibre  as  8  inches  and  10  inches ;  because,  if  their 
bores  were  cylindrical  throughout,  they  would  be  too  weak  round 
the  seat  of  the  powder  to  stand  the  explosion  of  even  a  very 
diminutive  charge;  and  it  would  therefore  be  necessary  to 
fortify  an  unchambered  gun  of  that  calibre  by  casting  it  at  least 


limits  within  which  an  object  may  be  struck,  and  it  is  capable  of  being 
ascertained  with  all  requisite  accuracy. 

The  computation  of  the  ordinates  from  the  formula,  and  the  manner  of 
tracing  the  curve,  should  be  taught  in  all  schools  of  scientific  gunnery  ;  the 
jimcticc  of  doing  so  is  capable,  if  the  work  is  laid  down  on  a  scale  of  sufficient 
magnitude,  of  giving  very  correct  notions  concerning  the  various  circum- 
stances on  whicm  the  probability  of  a  shot  or  shell  taking  good  efifect,  at  a 
given  distance,  depends.  Tliis  subject  is  of  particular  importance  where  the 
comparative  trajectories  of  solid  and  hollow  shot  are  required,  on  account  of 
the  different  degrees  of  rapidity  with  which  tlie  projectiles  lose  their  velocities 
in  passing  through  the  air,  and  the  consequent  increase  in  the  inclinations  of 
the  descending  branches  to  the  horizon,  as  the  projectiles  approach  the  end 
of  their  flight. 
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30  cwt.  heavier  than  it  now  is. '  But  this  additional  weight,  for 
vessels  of  equal "  displacement,"  would  disable  them  for  carrying 
an  equal  weight  of  ordnance  without  greatly  reducing  the 
number  of  guns ;  and,  in  the  vessels,  there  would  not  be  space, 
even  if  they  could  carry  the  same  number  of  the  heavier  gun,  to 
stow  the  additional  number  of  men  required  to  work  such  heavy 
ordnance. 

But  why  impose  the  evil  of  chambered  ordnance  on  the  land 
service  ?  The  cork  wad  must,  in  that  case,  be  adopted  in  the 
land,  as  well  as  the  sea,  service,  for  without  it  there  woidd  be 
frequent  miss-fires.*  Objections  to  weight  as  limited  by  "  dis- 
placement," and  want  of  space  for  the  accommodation  of  additional 
men  required  for  working  the  guns,  do  not  attach  to  the  land 
service ;  and  consequently  the  question,  cleared  of  "those  con- 
ditions, rest^  solely  on  the  comparative  merits,  facidties,  and 
capacities  of  the  chambered  and  imchambered  guns,  as  best 
adapted  to  the  distinct  purposes  for  which  they  were  designed — 
the  one  to  fire  shells  or  hollow  shot,  within  limited  distances — 
the  other  to  fire  solid  shot  with  superior  power  of  ranged  accuracy, 
and  penetrating  force,  at  great  distances. 

276.  It  appears  by  Tables  V.  and  VI.,  Appendix  B,  that  the 
range  of  a  32-pounder  of  56  or  58  cwt.  at  an  elevation  of  1°  is 
very  nearly  equal  to  that  of  a  10-inch  gun  at  2°,  and  about  200 
yards  more  than  the  range  of  the  8-inch  gun  (65  cwt),  at  1®  ; 
the  range  of  the  32-pounder  at  2°  is  greater  than  that  of  the 
10-inch  gun  at  3°,  and  about  equal  to  that  of  the  8-inch  gun  at 
3°.     Again,  the  range  of  the  32-pounder  at  3°  is  iuUy  equal  to 


•  "  In  8-inch  guns  with  conical  chambers,  to  insure  the  re<luced  cartridge 
being  set  sufficiently  home  it  is  most  essential  thsit  spherical  cork  cartridge  tops 
of  5 J  inches  diameter  and  2j  deep,  should  be  fitted  inside  these  cartridges  when 
sent  on  board,  without  which  the  guns  will  frequently  miss-Jire" — *  Instruc- 
tions for  the  Exercise  and  Service  of  Great  Guns  and  Shells.' 

But  no  cork  or  other  tapering  wads  are  provided  for  this  ordnance  in  the 
land  service  (Art.  527,  fig.  ()4),  where  there  is  more  need  of  that  expedient  than 
in  the  sea  service,  because  land  batteries,  which  should  always  have  some 
command  over  the  object  or  plane  in  frOnt,  are  necessarily  often  placed  in  such 
elevated  positions  for  coast  defences  as  to  require  great  depression  in  firing  at 
any  object  upon  the  plane  of  the  sea,  by  which  a  reduced  cartridge  would  be 
far  more  liable  to  slide  from  its  place  in  a  conical  chamber  than  in  horizontal 
firing,  and  thereby  occasion  miss-fires  more  frequently  than  on  board  a  sliip. 
— Author. 
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tlmt  of  the  8-inch  gun  at  4°  and  considerably  greater  than  that 
of  tlie  10-inch  gun  at  4°.  At  4°  the  range  of  the  32-pounder 
gun  is  about  equal  to  that  of  the  .10-inch  gun  at  6°,  and  nearly 
equal  to  that  of  the  8-inch  gun  at  6° ;  the  range  of  the  32- 
pounder  at  5°  is  very  nearly  equal  to  that  of  the  8-inch  gun  at 
7°,  and  fully  equal  to  that  of  the  10-inch  gun  at  7°  Again,  in 
more  distant  firing,  the  32-pounder  of  56  or  58  cwt.  at  10°, 
ranges  very  nearly  as  far  as  the  8-inch  gun  at  13°,  and  quite  as 
far  as  the  10-inch  gun  at  14°.  At  1600  yards  the  10-inch  shell- 
gun  would  be  firing  shells  or  hollow  shot  at  about  5°  with  a 
full-service  charge  of  12  lbs.,  the  8-inch,  at  about  4°,  whereas 
the  32-pounder  of  56  or  58  cwt.,  with  a  chaise  of  10  lbs.,  would 
be  firing  solid  shot  at  the  same  distance  at  about  3°.  At  2000 
yards  the  'elevations  for  the  10  and  8  inch  guns  would  be  re- 
spectively 7  J°  and  7°,  whilst  the  32-pounder  would  be  firing  its 
solid  shot  at  a  little  more  than  5°.  See  likewise  shell  and  shot 
experiments  of  1838,  "  Excellent "  (Art.  270,  Note  ^  p.  264). 

The  results  given  in  those  tables  are  conclusively  in  favour  of 
the  32-pounder  of  56  or  the  new  one  of  58  cwt  The  56  and  68 
pounder  guns  have  a  still  greater  superiprity  over  the  shell-guns ; 
and,  therefore,  a  grievous  error  would  be  committed  in  pre- 
ferring the  latter  to  thiB  former  for  the  armament  of  coast 
batteries  in  general. 

277.  The  comparative  values  of  solid  and  hollow  shot,  and  con- 
sequently of  unchambered  and  chambered  ordnance,  have  been 
well  laid  down  by  Lieut-Colonel  Bums,  of  the  Eoyal  Artillery, 
on  his  *  Cards' — excellent  codes — ^for  the  guidance  of  the 
practical  artillerist 

Why  has  the  whole  tribe  of  carronades,  which  at  first  were  so 
victorious  (Art.  151),  disappeared  ?  because  they  are  chambered 
ordnance,  which,  though  capable  of  firing  solid  shot,  are  in- 
capable of  doing  so  with  certainty  and  effect,  excepting  in  close 
action ;  and  when  properly  opposed  by  solid-shot  guns,  at  long 
ranges,  were  overpowered,  and  ultimately  beaten  out  of  the 
service.  It  is  not  meant  by  this  to  disparage  shell-guns  by 
comparing  them  with  carronades,  but  to  show  the  defects  of 
chambered  ordnance  as  shot-guns  (Arts.  126,  226). 

The  unfortunate  selection  of  chambered  instead  of  unchambered 
ordnance  of  the  same  calibre,  in  1812,  cost  the  allied  army. 
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under  the  Duke  of  Wellington,  nothing  less  than  the  failure 
before  Burgos.  Had  the  so-called  24-pounders,  which,  being 
chambered,  were  only  5 J-inch  howitzers,  been  really  24-pounder 
guns,  Burgos  would  have  been  taken.  • 

It  is  commonly  said  that  8-inch  shell-guns  of  52  cwi — an 
inferior  and  inefficient  class  of  shell-guns,  of  which  vast  numbers 
have  been  provided,  but  which  are  rapidly  and  justly  falling 
into  disfavour  and  disuse  in  the  naval  service  (Art  223) — 
form  a  large  portion  of  the  present  siege-train  service ;  not>  it  is 
hoped,  to  interfere  with  the  usual  proportion  of  the  good  old 
24-pounder — ^a  capital  siege-gun — ^but  to  be  used  as  howitzers ; 
for  they  are  incapable  of  serving  with  efficiency  as  battering 
ordnance  (excepting  against  earthen  works,  Boumiardy  vol.  i. 
pp.  97,  98,  279,  283),  or  for  ricochet  firing,  with  shot ;  and  they 
are  very  inconveniently  heavy  howitzers  for  siege  service.  In 
siege  operations,  howitzers  are  not  usually  required  till  the  siege 
is  far  advanced ;  they  are  used  to  ricochet  the  covered  ways,  to 
shell  the  places  of  arms^  and  when  the  place  is  about  to  be 
assaulted ;  for  which  purposes  less  weighty  howitzers  would  be 
sufficient 

278.  The  Bussian  navy  during  the  war  with  Turkey  in  1829 
eonsisted  of  five  divisions,  each  comprehending  nine  line-of- 
battle  ships,  six  frigates,  eight  corvettes  and  brigs,  with  eight 
steamers.  This  force  was  afterwards  augmented,  in  each  division, 
to  twelve  line-of-battle  ships  with  a  corresponding  number  of 
frigates  and  smaller  vessels.  The  total  establishment  of  the 
Bussian  fleet  before  the  war  in  1854  consisted  of  sixty  ships  of 
the  line,  armed  with  from  70  to  120  guns;  thirty-seven  frigates 
of  from  40  to  60  guns;  seventy  corvettes  and  brigs;  forty 
steamers,  and  two  hundred  gun-boats.  The  system  of  manning  is 
by  establishments  of  Equipages  de  Ligne,  as  in  France  (Art.  38, 
Note,  p.  24).  Of  this  vast  naval  force  three-fifths  are  stationed  in 
the  Baltic,  and  two-fifths  in  the  Black  Sea.  In  the  former  there 
were,  in  March,  1854,  thirty-two  sail  of  the  line,  armed  and 
ready  for  sea,  in  the  arsenal  or  harbour  at  Cronstadt,  with  the 
ftiU  proportion  of  frigates  and  smaller  vessels  ;  and  in  the  Black 
Sea,  at  Sevastopol,  thirteen  sail  of  the  line,  ready  for  sea,  chiefly 
sailing-ships. 

t2 
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The  Russian  steam  navy  at  the  present  time  (1860)  consists 
of  240  vessels :  of  this  number  192  are  afloat  and  48  in  process 
of  building.  The  relative  proportions  of  the  various  classes  of 
ships  may  be  seen  by  referring  to  Table  XXTTT.,  Appendix  B., 
which  exhibits  the  comparative  strength  of  the  English,  French, 
and  Eussian  navies. 

The  Russian  three-decked  ships  carry  a  mixed  armament  of 
canons-obusiers,  French  pattern,  and  heavy  solid-shot  guns  *  on 
the  lower  deck,  36-pounder  long  guns  on  the  middle  deck,  36- 
pounders  No.  2  on  the  main  deck,  and  36-pounders  No.  3  on  the 
quarter-deck  and  forecastle.  Two-decked  ships  have  the  same 
natures  of  guns  on  their  lower,  main,  and  upper  decks,  as  the 
three-decked  ships  have  on  their  lower,  middle,  and  upper 
decks. 

The  armament  of  the  "  Pallas  "  frigate,  of  1600  tons  measure- 
ment, which  was  pierced  for  54  guns,  but  carried  during  the 
peace  50  guns,  may  be  taken  as  a  correct  specimen  of  the 
general  armament  of  the.  Russian  fiigates.  The  ^^  Pallas "  is 
provided  with  30  guns  on  the  main  deck;  viz.  twenty-six 
24-pounders  (9  feet  long),  weighing  50  cwt,  and  four  8-inch 
shell-guns  (65  cwt),  British  pattern ;  she  carries  on  the  fore- 
castle two  24-pounders  similar  to  those  on  the  main  deck,  and 
six  24-pounder8  (6  J  feet  long)  of  30  cwt  On  the  quarter-deck 
she  has  twelve  24-pounders  of  30  cwt 

llie  Russians  have  no  percussion-shells,  nor  have  they  adopted 
the  French  Billette  shell  (Art  310,  and  Note).  They  prefer 
time-fuzes,  and  use  the  metal  screw-fuze.  It  was  with  these 
that  they  set  fire  to  and  burned  the  Turkish  squadron  in  Sinope 
Bay  (Ai-t.  313). 

The  Russian  36-pounder  is  superior  to  our  32-pounder,  and 
their  21-lb.  shot  is  equal  in  weight  to  the  22-lb.  English.  A 
new  50-pounder  (the  weight  of  its  shot  nearly  equal  to  55  lbs. 
English)  is  being  prepared  for  the  Dutch  navy :  this  is  an  excel- 


Ju(l;:?ing  from  the  fact  stated  in  note  p.  315,  communicated  to  the  author 


lUissian  Navy. 
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lent  gun^  weighing  4624  kilog.  (equal  to  91  cwt.) ;  its  prepon- 
derance of  breech  ^,  and  the  length,  from  the  base  ring  to  the 
muzzle,  3638  millim.  (equal  to  12  feet  nearly).  The  Danish 
gun-boats  are  armed  with  long  and  powerful  60-pounder  guns 
(the  weight  of  the  shot  equal  to  about  67^  lbs.  English).  The 
weight  of  a  Danish  36-pounder  shot  is  39  lbs.  Hi  oz.,  and  of  a 
30-pounder  shot,  33f  lbs.  English.' 

These  facts  demonstrate  the  prevalence  of  an  opinion  that 
distant  firing  with  powerful  solid-shot  guns  wiU  be  the  most 
eflTectual  means  of  avoiding  or  counteracting  the  destructive 
eflFects  which  shells  would  imavoidably  produce  if  the  ship  which 
uses  them  were  by  any  chance  to  gain  the  requisite  proximity. 
As  to  hollow  shot,  there  is  no  such  projectile  in  the  United 
States'  Navy.  Commander  Dahlgren  observes  (page  236),  con- 
curring with  the  author  in  the  objections  as  to  the  extensive 
uses  of  hollow  shot  in  the  broadside  batteries  of  British  ships, 
"  That  it  is  diflScidt  to  comprehend  what  possible  purpose  is  to 
be  effected  by  the  adoption  of  hollow  shot,  if  their  cavity  is  not 
filled  with  powder  so  as  to  obtain  the  ulterior  advantage  of  ex- 
plosion. The  substitution  of  explosion  for  impact  is  the  end 
and  object  for  which  shell-guns  were  created;  to  fail  in  so 
applying  them,  by  using  hollow  shot  or  uncharged  shells,  renders 
shell-guns  so  used  worse  than  useless,  and  accordingly  hollow 
shot  are  entirely  disused  in  the  United  States'  Navy."  These 
observations  are  very  just,  and  go  a  great  way  to  enforce  the 
restrictions  of  shell-guns  to  their  legitimate  purposes,  and 
thereby  to  diminish  their  number  in  the  broadside-batteries  of 
ships  of  the  line,  which  should  be  the  most  formidable  at  any 
distance,  and  substitute,  where  displacement  is  suflBcient,  guns 
that  are  well  adapted  to  fire  either  solid  shot  or  shells,  but 
which  have  no  occasion  to  use  hollow  shot ;  and  this  should  par- 


•  To  convert  the  weights  of  foreign  ordnance  and  shot,  in  pounds,  into 
English  pounds,  the  following  table  may  be  used  : — 

(Danish  pounds  ^g  of  that  number. 
Dutch    ditto    -fi         ditto. 
French  ditto    -f^         ditto. 
Spanish  ditto    i^         ditto.  • 

Subtract  fi-om  J  Swedish  ditto    A         ditto, 
the  number  of  \  Russian  ditto    -f^         ditto. 

James'  *  Naval  Ilistory,'  vol.  i.  p.  42, 
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ticularly  apply  to  our  monster  frigates,  tbe  "  Dicwiem,"  "  Mersey," 
&c.,  which,  though  built  expressly  to  match  the  United  States' 
monster  frigates,  are  armed  with  the  very  gun,  the  10-inch 
shell-gun,  which  the  United  States  have  banished  from  their 
service  as  deficient  in  power  of  range,  aoouracy,  and  force. 

279.  With  respect  to  the  United  States,  the  nayal  authorities 
of  that  country  were,  till  lately,  cautious  not  to  commit  them- 
selves by  an  extensive  adoption  of  shell-guns :  they  now  seem 
to  try  at  any  cost  eyery  recent  impiovement  in  the  construction 
and  armament  of  their  ships  of  war ;  they  appear^  howeyer,  to 
adhere  to  the  practice  of  building  yessels  of  large  dimensions, 
and  arming  them  with  a  small  aumber  of  heayy  guns,  in  pre- 
ference to  a  great  number  (^  light  ones ;  as  if  they  would  endea- 
vour to  preserve,  for  their  navy,  the  advantages  which  they  had 
in  the  war  of  1813  over  British  frigates,  from  the  superior  range 
of  the  guns.* 

They  appear  now  to  consider  that  naval  actions  will,  in 
future,  be  decided  by  shells,  and  that  those  which  can  bear 
the  heaviest  bursting-dbarges  will  have  the  greatest  advantage. 
With  respect  to  arming  their  ships^  they  omsider  that  the  guns 
on  the  upper  decks  should  be  such  as  have  long  ranges ;  the 
remainder  may  be  of  larger  calibre,  and  effective  at  moderate 
ranges,  within  which  the  issue  of  an  action  will  be  almost  always 
decided.  (*  Beport  of  the  Secretary  of  the  United  States'  Navy, 
1856*). 

280.  The  United  States  have  now  six  vast  steam  frigates : — 
tbe  ''  Wabash/'  the  ''  Minnesota,"  the  ''  Boanoke,"  the  "^  Colo- 
rado," the  '^Merrimac,"  and  the  «  Niagara.'*  The  "Merrimac," 
which  is  considered  as  an  experimental  ship,  was,  in  the  latter 
part  of  1856,  in  the  Southampton  Water,  where  she  was  visited 
by  Sir  George  Seymour,  the  commander-in-chief  at  Portsmouth, 
and  several  distinguished  oflScers  of  the  British  Navy.  From 
the  description  given  of  her,  it  appears  that  her  length  at  the 


*  In  the,  proof  trials  1862-8-4,  the  American  guns  are  said  to  have  stood 
1600  and  1700  rounds  without  bursting.  Shells  have  been  adopted  in  the 
American  navy,  not  because  their  guns  could  not  bear  solid  shot  with  safety, 
but  because  shells  striking  and  penetrating  an  enemy's  ship,  find  there  ex- 
]»l<Mlinir,  would  produce  destructive  effects  far  sujxirior  to  those  caused  by 
jsolid  sliot. 
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load-water  line  is  257  feet,  her  extreme  breadth  57  feet  4  inches, 
and  her  draught  of  water  24  feet.  The  heights  of  the  gun  deck- 
ports  above  the  load-waiter  line  are  9  feet  forward,  and  12  feet 
aft.  Her  gun  deck-ports  are  3  ft.  8  in.  long,  and  8  ft.  6  in. 
asunder.  Her  burthen  is  3197  tons.  The  ship  is  pierced  for 
60  guns,  but,  at  present,  she  carries  only  40.  On  her  upper  deck 
she  has  2  10-inch  pivot-guns  of  a  new  pattern,  each  weighing 
107  cwt,  and  14  8-inch  shell-guns,  old  pattern,  or  p6  cwt ;  and 
on  her  main  deck  are  24  9-inch  guns  of  83  cwt. ;  she  has, 
besides,  a  few  brass  guns  for  boat- service.  The  10-inch  guns 
are  chambered,  and  have  been  proved  both  with  shell  and  shot ; 
the  shells  are  fitted  with  time-fuzes.  The  guns  are  peculiarly 
formed,  being  enormously  thick  at  the  breech,  where  they  ter- 
minate almost  hemispherically ;  they  are  well  polished,  and,  in- 
stead of  beds  and  quoins,  they  are  provided  with  elevating-screws. 
The  locks  of  the  guns  are  on  the  hammer  principle,  with  a  back- 
spring  action.  Each  gun  is  provided  with  100  rounds  of  shot, 
and  150  filled  cartridges.  The  gun-carriages  on  the  main  deck 
have  but  two  truck-wheels,  which  are  in  front ;  and  to  facilitate 
the  running  up  of  the  gun,  the  after  end  of  the  carriage  is  to  be 
raised  by  means  of  handspokes  which  are  furnished  with  rollers. 

Her  starboard  and  port  engines  have  each  two  cylinders 
6  feet  diameter,  with  a  3-feet  stroke,  and  are  formed  on  the 
double  piston-rod  principle ;  these  are  placed  on  opposite  sides 
of  the  shaft,  and  close  to  it ;  each  cylinder  has  its  condenser  at 
the  side,  and  the  air-pump  opposite  to  it.  The  steam  is  cut  ofi^, 
on  Stevens'  principle.  The  greatest  speed  ever  attained  by  the 
"  Merrimac  "  is  said  to  have  been  7  knots  p^  hour,  and  this  was 
under  favourable  circumstances. 

281.  The  vast  steam  frigate  "  Niagara  "  was  during  the  year  * 
1857  in  the  Thames,  but  devoid  of  her  armament;  she  ap- 
peared to  sit  gracefully  on  the  water,  and  the  beautiful  lines  of 
her  dark  hull  showed  themselves  to  great  advantage.  Her 
total  leng^  is  375  feet,  and  her  extreme  breadth  53  feet 
6  inches ;  her  burthen  is  5200  tons.  She  had  then  on  board 
only  4  small  guns ;  but,  when  fully  equipped,  she  will  carry  12 
Dahlgren  guns,  11  inches  diameter  in  the  bore,  and  weighing 
14  tons;  these  are  to  discharge  solid  shot,  each  weighing 
270  lbs.,  or  shells  of  130  lbs.,  and  the  former  are  said  to  range 
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7000  yards.  It  is  said  ihat^  when  fully  armed,  her  draught  of 
water  is  25  feet,  and  that,  under  sail  alone,  she  can  run  16  or  17 
knots  per  hour.  Between  the  bulwarks  whispering-pipes  are 
laid  from  the  quarter-deck  to  the  forecastle,  by  which  the  orders 
of  the  ofiScers  can  be  iransmitted  with  speed  and  certainty. 

This  ship  has  three  cylinders,  each  6  feet  in  diameter,  with  a 
3-feet  stroke,  which  are  placed  on  the  starboard  side,  horizontally 
across  the  yqpsel,  and  the  condensers  are  on  the  port  side :  the 
motion  of  the  pistons  being  from  side  to  sida  The  shaft,  upon 
which  the  whole  force  is  brought  to  bear,  is  119  feet  long  and 
50  inches  in  circumference.  The  propeUier  is  of  brass,  and 
consists  of  two  fans  nearly  19  feet  in  diameter,  with  a  pitch  of 
32  feet  There  are  four  boilers,  on  the  yertical  tubular  principle, 
and,  when  working  at  a  pressure  of  20  lbs.,  making  45  reyolu- 
tions  per  minute,  the  power  is  stated  to  be  equivalent  to  2000 
horses.  The  average  daily  consumption  of  coals  is  said  to  be 
50  tons.  It  is  stated  that,  when  fiilly  armed,  the  crew  is  to 
consist  of  750  men. 

The  United  States'  paddle-wheel  steam  frigate  ^'  Susquehaua  " 
was  also  in  the  Thames  in  the  year  1857«  Her  burthen  is  2486 
tons,  with  a  nominal  power  of  950  horses.  She  carries  twelve 
8-iQch  broadside  shdl-guns,  each  weighing  63  cwt.,  and  9  feet 
long ;  besides  these  she  has  two  pivot-guns  forward,  and  one 
aft,  each  10  feet  10  incbes  long,  and  weighing  105  cwt ;  these 
are  to  throw  8-inch  solid  shot 

SECTION  YIII. — ON  THE  STOWAGE  OF  SHELLS 
AND  THE   PRECAUTIONS  NECESSABT  TO  PllEVENT  ACCIDENTS 

IN  SHELL-FIRINQ. 

282.  Great  alterations  have  been  made  in  the  armament  of 
the  British  Navy  since  the  regulation  of  July,  1848.  Shell-guns 
have  been  introduced  to  a  much  greater  extent,  and  the  com- 
plements of  shells  for  all  rates  and  classes  of  H.M.  ships  and 
vessels  *  have  been  considerably  augmented,  as  exhibited  in  the 
following  table : — 


■  Sec  statement,  No.  128,  in  the  Appendix  to  the  Pccoiul  Report  of  the 
Select  Committee  on  Ordnance  E^ixinditurc,  1841). 
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To  provide  space  for  the  Btowage  of  these  increased  comple- 
ments of  shells,  great  alterations  haye  necessarily  been  made  in 
the  internal  fittings  of  all  ships  and  vessels. 

283.  In  line-of-battle  ships  the  sheU-rooms  for  6-inch  shells 
have  been  obtained  by  converting  tiie  upper  ]part  of  the  shot- 
lockers  before  the  main-masts  into  rooms  for  their  reception. 
A  space  about  4  ft  6  in.  deep  has  thus  been  taken  frem  the 
shot-lockers,  and  appropriated  to  the  stowage  of  6-inch  shells 
instead  of  the  shot  .formerly  contained  in  that  space.  This 
arrangement  is  sufficient  to  enable  two-decked  ships  to  receive 
their  additional  complement  of  200  6-inch  shells ;  but  in  three- 
deckers  it  is  found  necess&ry  to  make  more  room  by  unfixing, 
emptying,  and  removing  as  many  of  the  8-inch  shells  as  may  be 
necessary — one  8-inch  shell  occupying  nearly  as  much  space  as 
two  of  the  others. 

The  two  8-inch  shell-rooms,  in  line-of-battle  ships,  are  abaft 
the  main-mast,  one  on  each  side  of  the  passage  under  the 
scuttle.  Over  the  loaded  shells  there  is  space  sufficient  for  a 
considerable  number  of  empty  shells,  which  may  accordingly  be 
placed  in  compartments  on  the  crown.  Shells  fitted  with  3-inch 
fuzes  are  placed  in  one  of  these  shell-rooms,  and  those  fitted 
with  short-range  fuzes  in  the  other.  The  4-inch  fuzes  are  con- 
sidered as  ^^  spare  fuzes,"  and  kept  for  distant  firing. 

Dimensions  of  the  8-incli  Shell-Booms  in  Ships  and  Vessels  of  different  Bates, 
according  to  Begulation.  No  two  Shell-Booms  are,  howerer,  exactly  of  tiiese 
dimensions. 


Bates. 

• 

Gtinfl. 

Complement  of 

Shells,  distribated 

eqaally  in 

Athwart 
Ships. 

Dimensions 

Fore  and 

Aft. 

Height 

two  Rooms. 

■ 

ft      In. 

ft      in. 

ft     In. 

First  Bates  . . 

110  to  120 

420 

9      5 

5      2 

6      0 

Second  ditto . . 

i 

92* 

84 

600 
-360   . 

12      3 
9      3 

5      2 
5      1 

5  10 
5    10 

Thu-d  ditto  .. 

< 

74 

70 

200 
200 

7  0 

8  3 

5      1 
4      3 

6  1 
5      7 

Fourth  ditto- 

50 

240 

8      3 

4      3 

5      7 

Fifth  ditto    .. 

« 

44 
86 

100 
100 

4      1 
6      0 

5      0 
5      0 

5      4 

5      7 

Sixth  ditto    .. 

26 

Qf.     In  ono 
^"  {Boom. 

7      2 

4      7 

6      Si 

'  The  92-gun  ship  is  armed  with  twenty-four  8-inch  guns — the  84  has 
only  eight :  hence  the  difference  in  the  complement  of  shells,  and  the  capacity 
of  the  shell-rooms. 
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Dimensions  of  the  6-inch  Shell-Booms  in  Sixth  Bates,  Ck)RVETTES»  and  Sloops. 


Ilatcs. 

Gnnfl. 

Complement  of 
Shells. 

Athwftii- 
Shlps. 

Fore  and  Aft 

Height 

Sixth  Butos  .. 

Corvette 

Brig 

Brig       .,      .. 

22« 

18 

16 

12 

80  (Stowed  in ) 
80 {two  Shell- 
80  (Booms, 
^/vj     In  one 
^1    Boom. 

ft.      in. 
2       9 
4       8 
4       8 

7     10 

ft     In. 
4       7 
8      0 
2      6 

2      1 

ft     In. 

4  3 

5  6 
4      7 

4      9 

TIio  dimensions  of  the  shell-rooms  in  the  "  London,"  92,  and 
"  Formidable,"  84,  are : — 

••  London."  *  Formidable." 

ft     in.  ft     in. 

Height     5      0       •  ..     ..  5    10} 

FoieandAft   ..     ..     2    11}         ..     *.  2      8 

Athwart-ships ..     ..9      0  ....  7    10 

The  two  last  dimensions  being  dependent  on  the  size  of  the 
shot-locker,  no  fixed  quantity  can  be  assigned  to  them  for  other 
classes  of  vessels ;  but  it  appears  that  room  sufficient  will  be 
found  in  ships  of  inferior  classes,  to  stow  the  additional  shells 
in  the  present  shell-rooms,  and  in  the  spaces  allowed  for  pass- 
ages.   . 

The  Distances  between  the  Load  Water-Line,  and  the  Tops  or  Crowns  of  tho 
Spaces  aUotted  for  the  8-inch  Shell-Booms,  in  the  undermentioned  Ships  and 

Vessels,  are— 

CIms.  ft    in. 

Caledonia 120  ....  6  8 

London       92  ..      ..  8  0 

Formidable        ..     ..84  ....  5  8 

Benbow      74  ....  4  0 

Cumberland       ..     ..  70  ....  4  6 

Vernon       ^0  ....  7  4 

Besistanoe 44  ....  7  0 

Pique 36  ....  5  6 

Alarm^       26  ....  3  6 

Dido,  corvette    ....  18  ....  2  10 

Bittern        16  ....  2  3 

Espi6gle      12  ..     ..  2  10 

The  water-tanks  intervene  between  the  8-inch  shell-room  and 
tho  ship's  side,  and  should  therefore  always  be  kept  filled.     The 


^  Old  class,  carrying  only  two  32-pounder  guns,  and  twenty  32-poimder 
carronades. 

^  Besides  the  "Alarm,"  26,  we  still  have  a  small  class  of  sixth-rates 
(foniierly  the  28-gun  fricrates),  which  now  carry  only  two  50  cwt.  32-pcmndcr 
j^uiis,  and  twenty-two  32-p<.>under8  of  40  cwt.,  and  .which  therefore  take  a 
0()m])U'ineiit  of  eighty  G-inch  shells,  instead  of  8-iuch,  as  in  the  cases  of  the 
*'  Alarm,'*  "  Vestal,"  and  **  Trincomalee  "  classes. 
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chain-cables,  shot-lockers,  and  spare  hawsers,  as  weU  as  water- 
tanks,  lie  between  the  6-inch  shell-rooms  and  the  ship's  side  in 
these  classes,  to  render  the  rooms  inaccessible  to  shot. 

The  shell-rooms  in  frigates  being  sufficiently  large  to  receive 
their  complements  of  6-inch  shells  in  addition  to  those  of 
8-inch,  there  is  iio  necessity  for  emptying  and  removing  any  of 
the  latter. 

The  operation  of  passing  shells  through  the  tiers  to  the  main 
hatchway,  in  frigates,  requires  so  many  hands,  and  is  so  slow, 
that  it  has  been  found  necessary  to  make  a  new  scuttle,  immedi- 
ately over  the  present  one,  to  communicate  with  the  main  deck, 
as  in  ships  of  the  line,  to  admit  of  two  shells  being  passed  up  at 
the  same  time.* 

Sloops  are  provided  with  6-inch  shells  only ;  and,  of  the 
established  number,  one-fourth  are  fitted  with  "Short-range 
Fuzes ;"  as  many  are  stowed  away  in  the  shell-room  as  it  will 
hold,  and  the  remainder  are  placed  empty  in  the  wings  of  the 
bread-room. 

The  shell-rooms  of  smaller  brigs  are  constructed  in  the  wings, 
or  spaces  on  each  side  of  the  bulk-heads  of  the  magazine. 

Distances  between  the  Load  Water-Lines  and  the  Tops  or  Crowns  of  the 
Magazines  (Column  I)  in  the  undermentioned  Classes  of  Ships  and  Vessels, 
and  the  difference  in  feet  and  inches  between  the  Heavy  Service  and  Light 
Service  Water-Lines  (Column  2)^ 


Class. 

Caledonia       ..      ..  120 

London 92 

Formidable    ..      ..  84 

Bcnbow 74 

Cumberland  ..      ..  70 

Vernon 50 

Besistanco      ..      ..  44 

Pique      36 

Alarm     26 

Dido,  corvette       ..  18 

Bittern 16 

Espi6gle 12 


1. 


2. 


ft. 

in. 

n. 

in. 

5 

6 

6 

5 

6 

4 

6 

0 

3 

0 

5 

6 

3 

6 

0 

2 

4 

10 

0 

3 

6 

0 

2 

4 

..     0 

10 

3 

4 

.    1 

0 

2 

0 

..     0 

8 

1 

9 

..     0 

6 

1 

7 

.     0 

6 

*  In  the  French  frigate  **  Psyche  *'  ^ee  *  French  Armament,'  in  the  forth- 
coming work  on  *  Shell  Warfare ')  a  scuttle  is  opened  in  the  deck  between  the 
guns,  through  which  the  shells  are  handed  up,  for  the  service  of  every  piece. 
(See  the  new  method  of  handing  up  cartridges  for  the  supply  of  the  gun- 
decks.  Art.  540). 

*•  The  figures  in  the  last  column  cTenote  the  "  rise  "  of  the  respective  ships 
on  the  supposition  that  they  have  exhausted  two  months'  water  and  provisicv 
— as  much,  probably,  as  any  British  man-of-war  consumes  before  replenisbii 
cither  water  or  provisions,  unless  extraordinary  circumstances  have  prevent! 
the  replenishment  from  taking  place. 
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Distance  frota  Hhit  Load  WATift-LcnG  to  Ihe  Grown  of  tiie  Maoazikeb  and 
Suiu«L-Bot»i8  of  the  mMlementionftd  Scrow-PA^lled  Slupe. 


Ship'uNMM 
XowofG  - 


Royal  Albert*  121 
AgamemnoQ,  91 . . 
lJ^jeatiQ»80 

Giiiiija  80     •• 

TribukB,  81 


lUMvtthDnn'k 


ft  In. 

4  10 

4  9 

6  e 

4  9 

8  8 


It 
6 
5 
5 


in. 
3 
9 
0 


(8      6 
t  5 
8      5 


^} 


It  in. 

5  8 
2  8 

6  5 

4  3 

5  2 


*  Before  tlifi  ship  WM  adapted  fbr  the  recq>tioii  of  a  Screw-Propeller. 

In  the  ''Frinoe  BegenV  which  has  lately  been  armed  and 
fitted  to  a  great  extent  for  shell-firing,*  there  is  space  sufficient 
for  the  stowage  of  740  8-inch  shells. 

The  6-inch  shell-room  is  before  the  main-mast,  having  two 
doors  which  open  into  the  'main-hold,  lined  throughout  with 
copper,  and  9  feet  6  inches  wide,  5  feet  3  inches  long,  and  6  feet 
high.  The  top  of  the  space  for  loaded  8-inch  shells  is  about 
5  feet  below  the  load  water-line,  or  2  feet  below  the  orlop-deck. 

284.  To  avoid  as  much  as  possible  the  inconvenience  and 
danger  of  filling  and  fining-  ahellB  on  board  of  ship  fhey  are  in 
general  sent  on  board  in  boxes,  each  containing  one  shelL 

The  space  required  for  stowage  is  computed  fiiom  the  dimen- 
sions of  the  boxes  (fig.  83),  which  aze  as  follow : — 


FortiMlO-faMkSbBlli. 


•-iBdi  Sbelli. 


I/cnfuth.     ••     ..     12  ••     ..  10  ..      ..  8.2 

>Vidth       ..      ..     12  ..      ..  10  ..      ..  8.2 

Depth        ..     ..     12|^       ..      ..  11  ..      ..  8.8 

The  bulk  of  100  10-moh  Shells  in  boxes  is  about  87  cubic  feet. 
M  8-inch  Shells  „  64 

82-lb.    Shells  h  88 


But  such  is  the  difficulty  o&  finding   stowage  for  the  large 
equipment  of  shells  in  boxes  of  the  above  dimensions  that  it  is 


■  Thirty-two  8-inch  guns  of  65  cwt.  pn  the  lower  deck  ;  thirty-four  long 
tT2-iK)nn(l('r8  of  56  cwt.  on  the  main  deck  ;  and  twenty-six  32-pounders  of  42 
cwt.  on  tlio  quarter  deck  and  forecastle.  The  lower  deck  of  the  "Queen" 
WHS,  in  1849,  armed  with  8-inch  shell  guns,  displacing  the  32-pounders  of 
5(»  or  r)8  cwt. — Parliamentary  Paper,  No.  128,  1849.  The  whole  of  the  lower 
deck  of  the  "  Itoyal  Albert  **  is  armed  with  8-inch  shell  guns  of  65  cwt. 
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proposed  to  substitute  for  the  boxes  -a  wooden  fdze-cover,  as 
represented  at  AB  in  fig.  34.    For  the  puipose  of  carrying  or 


Fig.  34. 


CTs^o.tn:  — > 


suspending  the  shell,  the  cover  AB  is  attached  by  a  rope  to  tlie 
wooden  bottom  CD ;  and  between  these  plates  the  shell  is 
confined,  but  so  that  it  may  be  easily  detached  from  them  when 
it  is  to  be  introduced  into  the  gun.  The  height  for  stowage 
would  be  thus  reduced  from  8.8  inches,  which  is  that  of  the 
box,  to  7.6  inches;  and  the  breadth  from  8.2  inches  to  6.25 
inches.  The  French,  experiencing  the  like  want  of  room, 
propose  to  suppress  the  box  and  to  trice  the  shells  to  the 
beams. 

285.  Wood  fuzes  having  been  found  perishable,  or  to  deterio- 
rate by  damp  or  heat  in  the  vicissitudes  of  naval  service,  and 
more  liable  to  be  accidentally  ignited  than  metal  fuzes,*  all  sea- 


•  The  following  awful  catastrophe  occurred  on  board  H.M.S.  the 
**  Theseus  •*  in  1799,  from  the  explosion  of  French  shells,  fitted,  as  shells  are 
in  that  service,  with  wooden  fuzes : — 

Captain  Miller,  when  in  command  of  the  "Theseus,"  having  a  great 
desire  to  try  the  use  of  shells  fired  from  ships;  and  having  obtained 
seventy  36-pounder  and  24-pounder  shells  from  a  French  store-ship  which 
had  been  captured,  directed  the  gunner  of  the  ship  to  stow  them  in  a  secure 
place ;  and  sometime  afterwards,  to  examine  and  see  that  the  shells  were  fit 
for  use.  For  this  purpose  the  shells  were  brought  up  and  placed  on  the 
quarter-deck. 

Whilst  the  gimner  and  his  mate  were  so  employed,  the  fuze  of  one  of  the 
shells  took  fire,  the  shell  exploded,  and  set  off  all  the  rest  in  quick  succession ! 
The  ship  was  instantly  in  flames,  in  the  main  rigging  and  mizen-top,  in  the 
cook- pit,  in  the  tiers,  in  several  places  about  the,  main-deck ;  the  whole  of  the 
poop  and  after  {lart  of  the  quarter-deck  were  blown  to  pieces,  all  the  booms 


-.  ..n 
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service  shells,  before  they  are  shipped,  are  now  fitted  with 
metal  screw-fuzes,  whose  lengths  are  4  inches,  3  inches,  and 
1^  inch  (see  figsl  35,  36,  37,  opposite),  and  these  are  protected 
by  metallic  caps. 

Exclusive  of  the  advantage  of  these  metallic  fuzes,  on  the 
ground  of  safety  and  that  they  suffer  no  deterioration  from 
long  custody  on  board  ship,  shells  fitted  with  them  burst  with 
greater  violence  than  those  which  have  wooden  fuzes.  The 
diameter  of  the  fuze-hole  for  the  former  being  only  .9  inch, 
whilst  for  the  other  it  is  1.2  inch,  the  larger  tap  permits  the 
escape  of  the  charge  in  some  degree ;  and  thus,  either  the  shell  is 
not  broken  or  it  bursts  with  comparatively  little  effect  An 
8-inch  shell  with  a  wooden  Aize  requires  a  charge  of  22  oz.  of 
powder  to  burst  it,  but  a  shell  with  a  metal  fiize  bursts  with  a 
charge  of  16  oz. ;  a  6-inch  shell  with  a  wooden  fuze  requires 
14  oz.  of  bursting-powder,  whilst  a  metal-fuze  shell  of  the  same 
nature  requires  only  5  oz.  A  shell  with  a  metal  fuze  is  there- 
fore a  much  more  powerful  mine  when  it  explodes  on  being 
fired  into  an  enemy's  ship  than  a  wood-fuzed  shell  of  the  same 
nature.  On  all  these  accounts,  therefore,  wood  fiizes  have  been 
abolished  in  the  naval  service. 

286.  To  avoid  danger  in  supplying  guns  with  shells,  the  latter 
should  be  brought  up  in  their  boxes,  the  fastenings  of  which 
should  not  even  be  loosened  till  the  shell  is  required  to  be  put 
into  the  gun,  and  the  cap  of  the  fiize  should  not  be  taken  off  or 
unscrewed  until  the  shell  is  actually  introduced  into  the  gun ; 
the  cap  is  then  removed,  and  the  shell  is  pushed  home,  the 


destroyed,  and  eight  main-deck  beams  broken.  Captain  Miller,  tlie  gunner 
and  his  mate,  and  32  men  were  killed ;  42  men  were  wounded  ;  9  men  juminid 
overboard  and  were  drowned,  llie  ship  was  reduced  to  a  perfect  wreck,  and 
nothing  but  the  great  exertions  of  the  surviving  officers  and  crew  saved  her 
from  total  destruction. 

Shells  fitted  with  metallic  fuzes  are  not  liable  to  such  a  deflagration  as  this  ; 
yet  it  appears  (Charpentier,  *  Essai  sur  TArtillerie  de  nos  Navires  de  Guerre,' 
p.  1G7)  that  the  French,  notwithstanding  the  fragility  of  wooden  fuzes,  their 
liability  to  break  in  the  gun,  the  perishable  nature  of  wood,  the  chemical 
action  of  the  composition,  and  the  difficulty  of  preserving  them  from  humidity 
on  board  a  ship,  prefer  wood  to  metallic  fuzes ;  their  argument  being  that 
these  are  conductors  of  heat,  which  wood  is  not,  and  are  raised  to  such  a  tcm- 
pei-ature  by  the  inflammation  of  the  charge,  and  the  ignition  of  the  ])riining 
and  contents  of  the  fuze,  as  to  set  fire  to  the  powder  with  which  the  fuze  is  in 
cont4\ct,  Ixifore  the  shell  arrives  at  its  destination. 
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ramnier-head  having  a  cavity  in  it  to  receive  the  head  of  the 
taze,   and  thus   protect  the   primiDg  firom  contact   with   the 


The  precaution  of  not  unscrewing  the  cap  of  the  fuze  till  the 
shell  is  in  the  gun  is  of  the  utmost  couaequence.  A  terrific 
accident  occurred  in  the  shell-room,  or  on  deck,  on  board  H.M.S. 
the  "  Medea,"  by  the  ignition  of  a  fuze  in  unscrewing  the  cap 
(Arts.  263,  269),  and  the  hke  accident  occurred  on  one  other 
occasion.'  The  screws  have  since,  as  a  preventive,  been  fitted 
on  the  outside  of  the  fuze  (see  fig.  38),  and  this  method  has 
been  found  to  succeed. 


"  While  the  crew  oT  the  "  Hogue  "  were  being  exercised  at  riymonth,  one 
of  the  men,  in  taking  the  cap  from  off  the  fuze  of  an  8-iDch  shell,  turned  the 
screw  the  wrong  way,  by  which  the  fuze  itself  l>ccame  unscrewed ;  the  conse- 
quence was  tlint,  when  the  shell  was  fired,  it  split  the  gun  (one  of  50  cwt.) 
near  the  muzzle  in  three  plac&t.  Such  an  accident  having  occurred  in  a  mere 
experiment,  and  with  trained  seamen-gunners,  what  dangers  may  not  be 
apprehended  in  a  naval  action,  and,  through  our  insaEBctency  of  skilful  bom- 
hardiera,  with  men  imperfectly  (rained? 
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287.  As  it  may  not  be  practicable  to  bring  up  sbells  from  tii6 
ahell-roora  rapidly  enough  for  quick  broadside  firing  after  an 
action  aball  bave  commenced,  two  or  three  sbells  per  gun, 
enclosed  in  their  boxes  (lig,  33,)  or  fitted  with  fuze-covers  (fig.  34, 
p.  287),  aje,  before  going  into  action,  placed  on  shelves  behind,  or 
triced  to  the  beams  of  the  fighting-decks  amidships ;  the  reason 
given  for  this  arrangement  is  that  shells  so  placed  are  less  ex- 
posed to  the  danger  of  being  struck  by  the  enemy's  shot,  than 
in  any  other  position  on  the  deck.' 

288.  Quick  broadside  sheE-iiring  will  not  in  general  commence 
till  the  distance  is  within  that  which  admits  of  the  short-range  fiize 
being  used,  viz.  COO  yards,  for  if  the  filing  commence  at  great 
distances,  it  would  be  necessary  to  begin  witli  the  3-inch  fnze, 
and  then  change  to  the  short-range  fuze  ;  or,  if  the  distance  be 
much  greater,  to  commence  with  the  4-inch  fuze,  then  change 
to  the  3-inch  fuze,  and  ultimately  to  the  short-range  fuze ;  but 
any  change  made  in  the  class  of  fuze  in  action  is  highly  in- 
expedient, and  should  be  avmded,  if  possible.  If,  however, 
ships  are  furnished  with  so  large  a  snpply  of  shells  as  not  to 
be  obliged  to  reserve  them  for  close  action,  shell-firing  may 
commence  with  8-inch  guns  as  soon  as  the  ship  gets  within  the 
distance  corresponding  to  the  time  of  the  3-inch  fuze,  viz.  at 
1,800  or  1,900  yards.  In  such  cases,  officers  must  boar  in  mind 
that  the  necessity  of  a  change  in  shell-firing,  from  one  class  of 
fuze  to  anotlier,  is  as  great  aa  tliat  of  the  change  from  one 


•  By  a  recent  General  Orjor,  issued  to  the  fleet  in  tlie  Baltic,  tiie  number  of 
sbella  to  be  placed  on  tJie  figh ting-decks  of  ships  going  into  action  is  increased 
from  four  to  five ;  the  whole  to  be  TangM  oo  tlie  oppoxite  side  to  that 
engaged;  and  cases  of  reserve  ammunition  hung  up  iuiiidslii{>n  ready  at 
quartert.  This  increase  in  the  ntimbcr  of  loaded  sheila  and  cartridge-cases 
will  mnltiply,  in  proportion,  the  chances  of  shells  being  struck  and  exploded, 
and  of  ftmmunition  being  ignited.     Nor  does  this  arrangement  apjiear  to  lie 

rfcrable  \o  that  of  Blowing  shells  amidshipB  on  slielvcs  Wbind  the  beams  j 
the  side  not  engi^ed  at  the  commencement  of  the  battle  may  suddenly 
require  to  be  manned  for  action  on  that  side,  atone,  or  on  bolh  sides  at  the 
«ame  time ;  which,  in  either  case,  will  necessitate  tht^immediatc  removal  of 
the  sheila  from  the  side  not  originally  engaged.  It  may  therefore  be  inferreil 
that  the  action  thus  to  be  prepared  for  is  such  that  one  side  only  will  lie 
required  for  action ;  and  this  can  only  be  in  tlie  attack  of  fortreaaes  or  other 
stationary  objects,  when  cadi  of  the  attacking  ships  shall  have  taken  a  filed 
position  m  which  to  bring  the  guns  of  a  sinule  broadside  to  bear  on  the  object 
of  attack ;  but,  in  so  far  as  the  attack  may  he  against  walls  of  Etone,  Hbells,  as 
has  been  already  observed,  had  better  remain  in  the  shell-room. 
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charge  of  powder  to  another,  and  may  be  made  witli  equal 
facility. 

289.  From  tlie  diiBciilty  and  inconvenience  there  would  be, 
in  action,  in  reducing  the  lengths  of  fuzes  or  the  times  of  their 
burning,  in  order  to  suit  tlie  distances  at  which  sliell-firing  may 
be  carried  on  as  vessels  approach  each  other,  time-fazes  have 
been  divided  into  three  clasBes,  as  stated  in  Art.  285.  By  this 
very  necessary  arrangement  the  inaptitude  of  time-fuzes  to 
horizontal  shell-firing  is  in  some  degree  remedied ;  for  although, 
in  changing  the  class  of  the  fiize,  it  is  theoi-etically  true  that  a 
jump  ia  made  from  one  class  to  another  in  respect  to  time, 
without  relation  to  other  circumstances,  and  that  there  is 
obviously  a  large  margin  for  error  in  taking  any  one  time-fiize 
as  constant  when  all  other  circumstances,  as  distance,  charge, 
elevation,  and  actual  time  of  flight, — ^to  all  of  which  the  fuz© 
should  be  nicely  adapted, — are  variable,  yet  practically  this 
classification  is  an  important  element  in  the  use  -of  time-fuzes. 
Where  the  4-inch  fuze  of  20  seconds  ceases  to  be  suitable,  the 
class  of  3-inch  fuzes  of  seven  seconds  and  a  half  comes  into  use ; 
and  when  the  distance  of  600  yarils  is  attained,  the  short-range 
fuze  takes  the  place  of  the  other.  Shells  fitted  with  any  one  ol 
these  different  fuzes  are  calculated  to  range  the  corresponding 
distance  with  the  lowest  cljargo  before  esplodmg.  At  shorter 
distances,  shells  so  fitted  might  penetrate  both  sides  without 
exploding.  In  Table  I.,  Appendix  B.,  the  tunes  of  flight  liave 
been  made  intentionally  longer  than  are  strictly  necessary, 
by  J  of  a  second,  to  obviate  any  risk  of  the  explosion  taking 
place  before  the  ship  flred  at  is  struck.  Should  the  explosion 
talte  place  prematurely,  it  is  obvious  that  the  projectile  would 
be  lost  both  as  a  shot  and  a  shell.  This  quarter  of  a  second 
would  allow  for  any  little  error  that  might  exist  in  the  fuze 
from  a  defect  of  length.  If  the  fuze  he  too  long  the  error  is  of 
I(-«8  moment,  since  there  would  be  at  least  a  tolerable  certainty 
of  the  shell  exploding  soon  after  striking,  from  the  shortness  of 
the  colnmn  of  composition  then  remaining  unconsumed. 

290.  The  4-inch  fuzes,  fig.  35,  are  driven  with  fuze-composi? 
tion,  and  are  intended  for  distant  firing;  their  full  time  of 
burning  beiug  twenty  seconds.  They  may  be  cut  off,  or  bored 
into,  or  reduced  with  the  slitting-saw,  or  bored  up  with  the  fui«»- 
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ftuger  as  occasion  may  require ;  but  it  must  be  observed  that  if 
the  4-inch  fuzea  are  cut  into  with  a  slitting-saw  very  deeply, 
the  lower  part  of  the  fuze  is  liable  to  be  broken  off  by  the 
concussion  of  the  charge ;  the  composition  may  then  be  dis- 
turbed, and,  consequently,  premature  explosion  may  take  place. 

The  3-inch  fuzes,  iig.  Sfi,  are  diiven  with  mealed  powder ; 
their  time  of  burning  is  seven  seconds  and  a  half;  they  are  not 
to  be  cut  off,  but  may  be  bored  into,  or  down,  from  the  top,  when 
to  be  used  for  distances  under  1900  yards.  The  IJ  iuch,  or 
short-range  fuzo  of  .35  of  an  inch  of  fuze-composition,  fig,  37, 
is,  with  the  priming,  intended  to  bum  a  short  two  seconds. 

Metal  screw-fuzes  possess  this  great  advantage,  that  they  do 
not  protrude  so  much  as  common  fuzes  above  the  surface  of  the 
shell,  and,  being  firmly  screwed  into  it,  they  are  not  so  liable 
to  be  broken  or  knocked  out,  either  in  the  gun  or  on  striking 
and  passing  through  a  ship's  side. 

291.  To  ascertain  the  comparative  capability  of  shells  having 
metallic  screw-fuzes,  with  metallic  caps,  to  resist  the  explosion  of 
a  contiguous  sheU,  nine  shells  so  fitted  were  placed  in  a  pile, 
and  one  of  those  most  covered  by  the  others  was  explode*!. 
None  of  tlie  fuzes  of  the  other  eight  shells  were  ignited  by  the 
explosion,  as  undoubtedly  would  be  the  case  with  sbells  having 
common  wooden  fuzes  with  canvas  caps, 

From  the  above  experiment  it  was  concluded,  that  shells 
fitted  with  metallic  fuzes  would  be  proof  in  all  cases  against  the 
explosion  of  a  contiguous  sliell ;  but  it  appears,  by  subsequent 
experiments,  that  this  is  not  an  invariable  fact.  It  is  now 
known  that  any  loaded  shell  at  rest,  when  struck  by  a  solid 
shot,  fired  with  even  a  moderate  charge,  from  a  sea-service  gun, 
will  be  exploded ;  if  not  with  as  much  violence  as  when  burst  by 
its  own  fuze,  yet  with  force  suflicient  to  scatter  in  every  direc- 
.  tion,  and  to  considerable  distances,  any  other  shells  that  may  be 
placed  together. 

Sixteen  shells  were  piled  on  the  top  of  each  other,  on  the 
mud,  about  40  yards  from  the  "  Excellent,"  and  fired  at  with  a 
solid  shot  from  a  32-pounder  gun  of  56  cwt.,  charge  6  lbs. ;  the 
result  was,  that  the  shot,  on  striking  the  shell,  broke  it,  ex- 
ploded the  powder  it  contained,  and  scattered  the  other  aheUs 
in  every  direction.     Nine  were  driven  into  tlie  sea,  the  rest  into 
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the  mud,  and  could  not  be  found.  It  was  "  thought^'  but  thia 
ia  not  ceitaiu,  that  only  the  shell  that  had  been  struck  exploded. 
This  experiment  was  repeated  with  the  like  result, 

"It  foUows,"  states  the  lleport  on  tliis  experimentj  "that  a 
shot  will  explode  a  shell  on  striking  it ;  and  although  with  less 
force  than  in  the  ordinary  mamier,  yet  sufficiently  so  to  render 
such  an  explosion  disastrous :  consequently  great  care  should  be 
taken  in  action  to  expose  shells  as  little  as  possible." 

292.  To  account  for  the  explosion  of  a  shell  on  being  struck 
by  a  shot,  it  has  been  surmised,  that  the  shot  first  breaks  the 
shell,  and  in  doing  so,  elicita  a  spark  which  fires  the  bursting- 
eliarge  contained  in  it. 

There  is  reason  to  doubt  this.  The  powder  which  the  shell 
contained,  exploded,  according  to  this  supposition,  when  in  a 
state  of  dispersion ;  it  could  not  therefore  have  strength  suffi- 
cient to  scatter  the  other  shells  in  every  direction,  so  far  and  so 
forcibly  as  in  the  experiments  by  wliich  that  effect  was  pro- 
duced. The  only  rational  way  of  accounting  for  this  fact  is, 
that  the  powder  contained  in  the  shell  was  ignited  contempora- 
neously with,  or  at  least  instantaneously  after,  the  breaking  of 
the  shell  by  the  blow ;  and  this  could  only  be  by  the  powder 
iu  the  shell  having  been  exploded  by  the  percussion.  This  will 
also  account  for  the  detonation  being  less  tlian  usual,  while  the 
force  of  the  explosion  was  still  so  great  as  to  produce  the  above- 
mentioned  effects. 

293.  The  direct  and  secondary  elfects  produced  by  firing  a 
soUd  shot  into  a  pile  or  mass  of  shells,  were  first  exhibited  in 
Holland  by  the  following  experiments,  to  ascertain  whether  tlie 
eifects  that  might  be  produced  in  a  ship  in  action,  by  a  shot 
striking  a  rank  or  pile  of  shells,  were  as  destructive  and  serious 
as  the  author  had  stated  in  Art.  252  in  the  third  edition  of  thia 
work. 

For  this  a  pile  of  430  shells  in  their  boxes,  ranged  three  deep, 
was  fired  at  with  solid  shot  at  a  considerable  distance.  At 
every  round  that  hit,  3  or  4  of  the  shells  were  broken,  and  their 
contents  exploded,  without  the  usual  "report,"  but  with  suffi- 
cient violence  to  derange  the  whole  mass,  and  to  set  fire  to  tlie 
fuze  of  a  shell  which  had  not  been  struck :  by  which  c 
the  shell  exploded  with  its  full  force ! 
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294.  These  results  being  far  more  formidable  and  alarming, 
than  those  obtained  from  the  previous  experimenta  (Art.  291), 
by  which  tJie  explosion  of  a  shell  on  being  struck  by  a  shot  was 
fully  proved,"  the  author  deemed  it  his  duty  to  communicate  to 
the  First  Lord  of  the  Admiralty  this  confirmation  of  the  ^pre- 
hensions which  he  had  long  entertained  of  the  extreme  danger 
of  stowing  ranks  and  multiplicities  of  live-shells  on  the  fighting- 
decks  of  ships  in  action;  and  he  strongly  recommended  that  a 
course  of  experiments,  similar  to  those  made  in  Holland  in 
1852,  should  be  undertaken  at  Portsmouth,  to  try  whether  it  is 
safe  and  prudent  to  leave  in  force  the  regulation  which  pre- 
scribes that  all  sliips  on  going  into  close  and  the  closest  action 
shoold  have  two  shells  (increased  to  five  by  a  late  regulation. 
Art  287,  Note)  per  gun  of  every  nature  and  description,  placed, 
ready  for  use,  on  their  fighting-decks.  This  was  accordingly 
done.  The  author  did  not  attend  the  experiments,  but  the  fol- 
lowing are  the  results  as  communicated  to  him  by  several  naval 
and  military  officers,  his  friends,  who  were  present ;  and  for  the 
accuracy  of  which  he  can  vouch. 

A  mass  consisting  of  sixteen  32-pounder  6-inch  shells,  in  their 
boxes  (fig.  33),  some  fitted  with  3-incli,  others  with  short-range 
metal  fiizes  (figs.  36,  37),  were  piled  in  three  tiers,  one  above 
another,  but  only  one  tier  deep  (so  that  no  more  than  one  shell 
could  be  struck  by  the  same  shot) :  the  mass  was  then  fired  at 
with  a  solid  shot  from  a  32-pounder  gun  of  56  cwt,,  with  a 
charge  of  10  Ihs.,  at  about  60  or  70  yards'  distance.  The  shell 
struck  was  broken  to  pieces,  the  powder  it  contained  exploded, 
as  in  the  preceding  experiments,  without  much  detonation,  but 
with  force  sufficient  to  demolish  or  injure  many  of  the  adjoining 
boxes,  to  break  the  strappings  by  which  tlie  shells  were  fixed 
to  their  wooden  bottoms,  and  to  scatter  the  shells  in  various 
directions  to  different  distances.  These  were  the  immediate 
and  direct  efiects.  The  secondary  effecta  were,  that  the  fuzes 
of  two  shells  which  had  not  been  struck  were  ignited,  though 
capped,  by  the  explosion  of  the  shell  which  had  been  hit,  and 


*  It  waa  thought  at  Ibe  time  that  this  explosion  produced  the  eecoodaiy 
effect  of  esplodiug  a  shell  which  had  not  been  struck  directly ;  but  the  explt^- 
sioQ  or  the  latter  shell  was  caused  by  the  iguilioa  of  ita  own  fuie. 
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botli  burst  witli  fiill  force !  A  large  splinter  passed  over  tlie 
sliip  from  wliich  the  gnu  was  fired,  60  yarils  distant  from  the 
mud  bank  on  whieli  the  sliells  were  piled,  and  fell  mthin  the 
dockyard.  Thus  the  blow  of  one  shot  caused,  directly  and  in- 
directly, the  explosion  of  three  shells  I  The  experiment  was 
repeated  with  tlie  same  results  upon  the  pile ;  the  secondary 
effect  was  the  explosion  of  one  shell  by  the  ignition  of  its  fuze. 

To  try  whether  8-inch  shells  or  hollow  shot  are  as  liable  to  be 
broken  by  the  blow  of  a  solid  32-poimder  shot  as  the  6-inch 
(32-pounder)  shells  in  the  previous  experiment,  a  number  of 
8-inch  empty  hollow  ahot  (unloaded  shells),  in  boxes,  were  piled 
in  three  tiers,  and  fired  at  with  a  solid  shot  from  a  32-pounder 
gun  of  56  cwt.  with  a  charge  of  10  lbs.  Two  of  the  hollow  shot 
were  broken  into  pieces,  some  of  the  splinters  were  driven 
forward  to  ii  distance  of  500  yards ;  the  remaining  hollow  shot 
scattered  in  every  direction,  though  to  no  great  distance,  but  all 
the  boxes  were  broken  or  much  injured. 

Had  the  empty  hollow  shots  been  loaded  shells,  the  powder 
contained  in  those  wliich  were  struck  would  have  exploded  with 
greater  force  than  the  6-inch  shells,  in  proportion  to  the  cubes 
of  their  respective  diameters,  and  the  effect  upon  the  other 
shells,  in  driving  them  out  of  their  boxes,  scattering  them  about 
the  deck,  and  igniting  the  fuzes  of  shells  not  struck,  would 
evidently  have  been  far  more  serious  than  in  the  preceding  case. 
The  object  of  the  experiments  being  to  ascertain  the  amount  of 
danger  produced  by  solid  shot  striking  shells,  the  greater  as  well 
as  the  minor  effects  should  have  been  tested ;  but  this  not 
having  been  done,  the  experiments  were  imperfect  with  respect 
to  the  former  object :  this  may,  however,  be  pretty  accurately 
deduced  from  the  results  obtained  in  the  case  of  the  6-inch 
shells,  which  show  how  much  more  formidable  and  disastrous 
the  like  trial  against  the  same  number  of  8-uich  live-flhella 
would  have  been. 

295.  Shells  fitted  with  short^time  fuzes  frequently  act  by 
concuadon,  from  the  column  of  composition  being  dislocated  on 
the  shell  striking  the  side  of  a  sliip ;  in  this  case  the  explosion 
is  almost  instantaneous,  and  the  effect  very  destructive.  The 
displacement  of  the  fuze-composition  in  the  gun  by  the  shock 
of  the  discharge  is  prevented  with  considerable  certainty  by  an 
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uigenions  contrivance,  adverted  to  iu  Art.  265,  Note  ',  p.  23( 
which  gives  to  the  short-range  fuze  a  high  degree  of  value  i 
horizontal  shell-firing. 

296.  To  obtain  the  advantages  specially,  which  the  short- 
timed  fuze  gives  ineidentally,  tlie  production  of  a  good  and 
efficient  percussion-fuze,  which  should  fuUil  all  the  conditions 
stated  in  Art.  269,  would,  it  was  considered,  be  a  most  important 
discovery  for  horizontal  shell-firing.  For  the  attainment  of  this 
end,  efforts  displaying  great  ingenuity  have  long  been  making 
with  every  prospect  of  success  by  an  able  and  accomplished 
officer,  Captain  Moorsom,  of  the  Eoyal  Navy,  in  his  percussion- 
fuze,  which  being  intended  to  explode  on  striking  a  sufficiently 
resisting  body,  may  be  used  at  any  distance,  and  the  fiize 
having  no  other  cap  or  cover  then  a  kitt  plaster,  whidi  need 
not  be  removed  when  tlie  shell  is  put  into  the  gun,  the  loading 
is  performed  as  simply  as  with  a  shot,  cave  being  taken,  however, 
to  enter  the  shell  with  the  fuze  outwards,  lest  the  explosion  of 
the  charge  should  damage  it ;  and  that  the  rammer-head  should 
be  made  slightly  concave  with  a  hole  in  the  centre,  to  receive 
the  head  of  the  fuze  (for  it  does  protrude  a  little,  at  some  sacri- 
fice of  accuracy  in  the  flight  of  the  shell),  to  protect  the  fuze 
from  injury  in  ramming  home. 

297.  It  was  generally  imagined,  and  such  was  the  author's 
opinion,  that  percusseion  or  concussion  shells  would  be  more 
liable  to  explode  by  the  action  of  their  fuzes,  if  struck  by  shot, 
than  common  shells ;  on  the  principle  that  a  body  made  explo- 
sive would,  on  striking  a  resisting  medium  with  a  sufficient 
amount  of  force,  be  as  likely  to  explode  as  if,  being  at  rest,  it 
were  to  receive  the  blow  of  a  shot  movhig  against  it  with  the 
same  momentum.  But  this  does  not  appear  to  be  the  case; 
whether  it  arises  from  the  circumstance  that  a  percussion-shell 
is  so  contrived  as  to  resist  the  shock  produced  by  the  firing  of 
the  charge,  and  to  require,  in  order  to  be  exploded,  a  second 
shock — that  of  impact ;  or  that  a  shell,  when  struck  by  a  shot, 
is  broken  before  there  is  time  for  the  percussion  principle  to  act, 
is  doubtful.  This,  at  least,  is  proved,  that  percussion-shells  are 
not  less  liable  to  have  their  contents  ignited  or  exploded  by  the 
blow  of  a  shot  than' common  shells;  for  all  loaded  shells,  how- 
ever they  may  be  fuzed,  or  if  not  fuzed  at  all  (the  fuze-tap  being 
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stopped  by  an  iron  plug),  will  be  broken  by  the  blow  of  a  solid 
32-pounder  shot,  fired  even  with  a  reduced  charge  of  6  lbs.,  as 
in  the  experiments  of  1847 ;  and  in  every  case  their  contents 
will  be  exploded,  as  was  fully  proved  by  the  experiments  of 
1853,  in  which  a  solid  32-pound  shot,  fired  into  a  mass  of  70  or 
80  percussion-shells,  broke  four  of  them  and  ignited  the  powder 
they  contained,  deranged  the  whole  mass  down  to  the  lowest 
tier,  and  displaced  many  of  the  shells  from  their  cases.  It  was 
also  found  that  when  a  percussion-shell  stanck  a  percussion- 
shell,  both  were  broken,  and  the  charges  which  they  contained 
exploded. 

298.  Were  shells  stowed  according  to  regulation,  or  dis- 
tributed throughout  the  fighting-decks  in  positions  deemed  least 
accessible  to  shot,  the  extreme  cases  stated  in  the  preceding 
account  of  the  experiments,  in  which  the  shells  were  piled  or 
massed  together,  could  scarcely  happen.  The  chances  of  sheUs 
being  struck  by  shot  will  depend,  first,  upon  their  number  and 
the  positions  in  which  they  are  placed  on  going  into  action ; 
secondly,  on  the  number,  which  must  be  brought  up  in  quick 
succession  after  the  action  has  commenced,  and,  again,  upon 
where  they  are  placed.  The  complements  of  shells  for  all  ships 
and  vessels  have  been  so  largely  increased  since  the  publication 
of  the  third  edition  of  this  work  (see  Art.  282  of  the  present 
edition),  that  great  diflBculty  has  been  experienced  in  providing 
shell-rooms  sufficiently  capacious  to  contain  them,  and  in  dis- 
tributing throughout  the  fighting-decks  the  large  number  re- 
quired for  immediate  use,  in  positions  the  least  liable  to  be 
struck  by  shot. 

The  method  proposed  in  the  Eeport  on  the  experiments  of 
1847,  Art.  291,  is  to  trice  the  shells  close  up  to  the  deck  be- 
tween the  beams  amidship,  inside  a  fore-and-aft  carling,  in 
which  position  it  is  stated  that  the  shells  can  only  be  struck  by 
shot  coming  in  at  right  angles  to  the  side  of  the  ship. 

By  the  method  now  in  use  {Admiralty  Order  of  the  ^th 
December^  1849)  two  shells  for  each  gun  are  placed  in  boxes  on 
shelves  between  the  beams  (fig.  33,  page  287),  in  which  posi- 
tion, it  is  stated  in  the  instructions  for  shell-firing,  these  can 
only  be  struck  by  shot  coming  in  at  right  angles  to  the  keel—* 
that  is,  as  admitted  in  both  methods,  when  the  antagonist  ship 
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is  fibeam,  wliicli  ia  precisely  the  position  for  action  in  which  the 
shells  are  most  exposed  to  he  struck. 

299.  The  figures  39,  40,  41,  opposite,  show  the  method  of 
stowing  filled  sheila,  two  for  each  gun,  on  the  lower,  middle, 
and  upper  decks  of  the  "  Koyal  Albert," 

Fig.  39  is  half  of  the  athwartship  section,  showing  half  the 
team  from  the  middle  line  of  the  ship ;  the  live-shelb  there 
represented  being  two  for  each  gun  on  that  side.  The  like  sup- 
ply of  shells  for  the  guns  on  the  other  side  being  in  like  manner 
placed  on  shelves  behind  the  other  half  of  the  beam. 

Fig.  40  is  a  transverse  section  of  the  beam,  the  shell  being 
placed  behind  it. 

Fig.  41  represents  on  a  smaller  scale  an  entire  beam  with 
four  shells  behind  it,  from  which  it  ia  plain  that  there  are  as 
many  ranks  of  shells,  consisting  of  four  in  each  rank,  as  there 
are  guns  on  &  side,  all  exposed  to  be  struck  by  broadside  fire 
from  au  antagonist  ship. 

In  addition  to  this  supply  of  shells,  the  fore  and  main  hatch- 
ways are  fitted  with  shelves  inside,  by,  and  above  the  combings, 
upon  which  twenty-four  shells  in  their  boxes  are  placed.  The 
main  hatchway,  containing  the  shells  for  the  aftermost  guns; 
the  fore  hatchway,  those  for  tlie  foremost  quartern ;  the  shells 
being,  it  ia  said,  somewhat  protected  from  shots  coming  in 
abeam,  by  the  sides  of  the  hatchway,  and  from  raking  shot, 
either  before  or  abaft,  by  the  beams  between  which  the  hatch- 
ways are  placed.  In  the  directions  for  thus  filling  the  hatch- 
ways it  is  enjoined  that  the  boxes  should  be  placed  as  low  as 
possible,  the  better  to  protect  the  shells ;  but  it  is  found  that 
this  alone  is  not  sufficient  to  protect  the  tops  of  the  eheils,  at 
least  6  inches  of  the  boxes  being  exposed. 

300.  In  a  recent  regulation  drawn  up  by  Admiral  Chads,  and 
adopted  by  a  General  Order,  the  complement  of  shells  on  the 
fighting-decks,  on  going  into  action,  is  increased  from  4  to  5 
per  gun ;  so  that  in  a  ship's  battery  of  15  gnns  on  each  side, 
there  will  he  75  shells. 

301.  Applications  having  been  made  to  the  Admiralty  in 
1858,  to  increase  the  number  of  live-sliells  stowed  on  the 
fighting-decks  of  ships,  from  2  or  3  to  10  shells  per  gun,  and 
to  equip  the  "Diadem"  and  other  vessels  in  this  manner,  tha 
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Admiral  Commanding  at  Portsmouth — ^in  tumsmitting  to  the 
Admiraltythe  Bepod;  of  the  Committee  to  which  that  proposition 
had  been  referred,  and  with  which  they  had  generally  concurred 
— strongly  recommended  their  Lordships  to  consider  attentively 
the  results  of  the  experiments  at  Portsmouth  (Art  294)  4  and 
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the  observations  made  by  the  author  (see  Arts.  304,  309,  320  of 
the  present  edition),  before  their  Lordships  should  come  to  any 
decision  on  the  subject. 
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In  reply  to  the  recommendations  of  the  then  Admiral  Com- 
manding at  Portsmouth,  experiments  were  ordered  to  be  made 
at  Cumberland  Fort,  in  June  1858,  to  ascertain  whether  per- 
cussion-shells struck  by  32-pound  solid  shot  explode,  in  like 
manner  as  time-fuzed  Eliells,  as  proved  in  the  preceding  experi- 
ments ;  and  moreover  to  ascertain  whether  any  percussion-shell, 
which  had  not  been  struck,  might  not  have  become  dangerous, 
by  the  shock  it  had  received  by  the  explosion  of  the  chairge  in 
the  gun  having  performed  that  first  alteration  in  the  shell  which 
makes  it  explosive  by  any  subsequent  adequate  shock. 

The  first  trial  was  made  by  firing  a  32-pound  shot  at  40 
percussion-shells  in  their  boxes  arranged  in  three  or  four  tiers. 
On  the  first  trial,  two  shells  exploded ;  three  in  the  next  trial, 
and  all  the  boxes  destroyed. 

To  ascertain  whether  any  such  alterations  had  taken  place  in 
the  internal  condition  of  the  shells  which  had  not  exploded, 
several  of  those  which  had  been  contiguous  to  the  shells  wliicli 
had  exploded  by  the  blow  of  the  shot  were  fired  from  a  10-inch 
shell-gun,  with  the  ordinary  charge.  The  result  was  that  several 
of  those  apparently  uninjured  shells  exploded  at  the  muzzle  of 
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the  gwn,  by  the  shock  they  received  from  the  explosion  of  the  I 
chat^.  This  proves  that  percuesioii-Bhella  do  undergo  a  change  1 
from  the  shock  occasioned  by  the  explosion  of  a  contiguous  shell,  I 
and  so  become  explosive  by  any  adequate  second  shock.  It  4 
would  therefore  be  fraught  with  danger  to  infer  that  percussion'  I 
shells,  which  had  resisted  a  first  violent  sliock,  were  sound  and  I 
might  with  safety  be  slowed'on  the  deck,  and  efficiently  used  by  1 
tlie  double  action  being  unimpaired.  There  is  therefore  a  I 
peculiar  hidden  and  treacherous  character  in  percusaion-shells,  I 
which  consists  in  au  uncertainty  as  to  whether  they  may  not  I 
have  been  rendered  explosive  by  some  previous  shock.  The  1 
proof  to  which  percussion-shells  are  subjected,  by  being  let  I 
fall  from  considerable  heights  upon  masses  of  stone  or  metal,  I 
only  shoWs  that  they  do  not  explode  by  the  first  shock,  but  1 
become  explosive  by  any  adequate  shock  or  concussion  to  i 
which  they  might  be  thereafter  exposed  in  the  course  of 
service. 

302.  When  the  action  commences,  the  shells,  triced  to,  or 
placed  behind,  tlie  beams,  are  used  first ;  then  the  shells  in  the 
hatchways;  and,  in  proportion  as  they  are  expended,  supplies 
must  be  brought  up  in  quick  succession,  to  enable  the  battery 
to  keep  up  quick  shell-firing;  for  if  this  be  interrupted,  from 
want  of  shells,  the  guns  must  be  loaded  with  shot,  which,  re- 
quiring an  alteration  in  the  elevation  used  in  firing  shells  and 
a  different  charge  of  powder,  would  he  extremely  disadvanta- 
geous. The  supplies  of  shells  brought  up  from  the  shell-room, 
during  the  action  will  neither  be  triced  up  to,  nor  be  placed  on 
the  shelves  behind  the  beams ;  bnt  will  be  placed  on  the  deck, 
behind  each  gun.  This  circulation  of  the  shells,  and  manner 
of  placing  them,  is  a  new  condition  of  the  case,  in  which  it  is 
impossible  to  compute,  by  the  doctrine  of  chances,  how  many 
may  be  struck  by  shot,  but  every  shell  put  into  the  guua  mil 
have  to  undergo  that  ordeal ;  and  it  appears  to  be  impossible 
that  they  should  all  escape.  The  complements  placed  on  the 
decks  are  so  large,  that  they  cannot  be  dispersed  and  isolated : 
some,  must  be  grouped  together.  Those  in  the  hatchways  are 
in  mass ;  those  behind  the  beams  in  ranks :  and  it  is  vain  to 
suppose  that  either  a  "  carling,"  or  a  "  combing,"  or  a  beam, 
can  protect  the  shells  from  the  impact  of  solid  shot,  capable  of 
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perforating  any  beams,  or  of  penetrating  from  22  to  48  inc)ieM'fl 
into  sound  oak  (Art.  161).     The  expedient  of  stowing  twentj 
four  live-ahells  in  the  fore  and  main  hatchways,  is,  in  fact,  tO<l 
establish  two  expense  shell-rootns  on  every  fighting-deck !    Surely'^ 
that  is  a  desperate  measure.     And  is  not  the  contraction  of  sueh  1 
an  important  thoroughfare  extremely  objectionable  ?     It  v 
invariable  rule  of  the  service,  and  for  very  sufficient  reasons,  to 
batten  down  the  hatchways  before  going  into  action,  leariog 
only  the  scuttles,  through  which  ammunition  was  handed  up. 

The  question  tried  and  solved  by  these  esperiments  is  one 
of  fact,  and  not  of  chance.  It  ia  no  doubt  possible,  but  very 
improbable,  that  Jn  a  ehip  in  action,  or  a  target  hulk,  having 
on  her  fighting-decks  the  regulat«tl  number  of  live-Bhella,  &c^ 
no  shell  may  be  hit,  and  consequently  no  explosion  of  this  de«  \ 
scription  take  place ;  but  it  does  not  follow  that  there  is  no  I 
danger  of  such  a  catastrophe :  one  ship  in  a  fleet  might  escape 
the  danger,  whilst  another  might  have  twenty  of  her  shells 
struck,  and  exploded.  The  author  founds  his  conviction  upon 
no  theory,  but  upon  well  established  facts :  he  thinks  he  will 
be  considered,  fixjm  this,  and  his  other  practical  works,  to  be  a 
practical  man ;  or,  if  a  theorist,  that  it  is  on  matters  of  exact 
science,  that  admit  of  no  mistake.  Those  are  theorists  who 
would  disregard  the  facts  of  the  case,  and  stake  the  results  upon 
the  most  uncertain  of  all  theories — -the  doctrine  of  cliances. 

303.  The  preceding  experiments  are  sufficient  to  account  for 
the  fieqnent  explosions  of  grenades,  collected  in  the  tops  of 
French  vessels  in  action,  to  throw  down  upon  the  decks  of  their 
enemy's  ship :, — "  In  the  action  with  the  '  Hoche '  and  her  con- 
sorts (1798)  a  shot  from  the  '  Foudroyant '  struck  the  'Bellone's' 
mizen-top,  and  ignited  some  hand-grenades  which  had  been 
placed  there  for  use  against  the  enemy;  tliese  set  fire  to  her 
rigging  and  sails,  and,  but  for  the  prompt  exertions  of  the  crew, 
would  have  burnt  the  ship." — James'  '  Naval  Histor)-,'  vol.  ii. 
p.  130. 

304.  When  the  shell  system  was  first  introdnced  in  the  French 
navy,  and  imitated  in  that  of  Great  Britain,  it  was  asserted  .there, 
and  believed  here,  that  loaded  shells  were  liable  to  no  such  acci- 
dents as  those  demonstrated  in  the  preceding  experiments ;  for 
that  gunpowder  contained  in  iron  shells,  globes  defer,  must,  it 
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was  said,  be  less  dangerous  than  powder  enveloped  in  bags  of 
serge ;  ^  that  no  danger  was  to  be  apprehended  from  the  acci- 
dental ignition  of  a  faze  well  luted,  the  shell  to  which  it  is 
attached  being,  moreover,  shut  up  in  its  case,  and  deposited  in 
the  shell-room ;  and  that,  hundreds  of  shells  might  be  placed 
there  with  far  less  danger  than  as  many  barrels  of  gunpowder, 
which  we  are  habituated  to  place  in  ships'  magazines.^ 

But  it  has  since  been  abundantly  proved,  that  these  opinions 
and  assnmptions-for  such  they  are,  never  having  heen  verified 
by  actual  experiment — are  utterly  erroneous ;  for  powder  con- 
tained in  an  iron  shell  placed  upon  the  deck  of  a  ship  in  action, 
is  by  no  means  so  safe  as  a  cartridge.  In  the  one  case  the  blow 
of  a  shot  explodes  the  contents  of  the  shell  with  great  force ; 
whereas,  in  the  other,  il  only  breaks  the  cartridge  and  scatters 
the  powder.  It  appears,  too,  that  fuzes,  however  well  capped 
and  Inted,  may  he  ignited  by  the  explosion  of  a  contiguous 
shell  wh^i  struck  by  a  shot.  One  should,  therefore,  have 
thought  Ihat  strict  attention  ought  to  have  been  paid  to  the 
regulations,  enjoined  in  the  French  navy,  and  likewise  in  ours, 
viz* :  that  shells  should  be  stowed  away  in  the  shell-room,  as 
80<m  as  they  are  shipped,  and  there  remain  untouched  until  re- 
quired to  be  put  into  the  gun ;  that  no  shells  should  upon  any 
account  be  placed  anywhere  else,  and  that  shell-firing  should  be 
confined  to  shell-guns  (Art  286).  But  the  reverse  has  been 
done.  Vast  numbers  of  live-shells,  increased  by  a  late  regula- 
tion from  4  to  5  per  gun,  are  accumulated  on  the  fighting-decks 
of  ships  in  action.  Shell-firing,  at  first  the  exception,  is  now 
the  rule  in  the  British  navy ;  and  in  all  other  respects  the  pre- 
cautions deemed  indispensable,  before  these  dangers  were  known, 
are  now  either  relaxed  or  abandoned,  notwithstanding  the  proofs 
which  have  been  given  that  those  dangers  exist. 

305.  The  moral  effect  produced  upon  the  crew  of  a  ship  in 
action,  by  the  unexpected  explosion  erf  one  of  her  own  shells, 


*  ''La  poudre,  enferm^  dans  des  globes  de  fer,  sera  ^videmment  moins 
expos^  aux  accidens  que  celle  qu'on  emploie  dans  des  barils  de  bois  ou  des 
gargousses  de  serge." — Paixhans,  p.  84. 

^  "  £n  resum^ :  quelque  centaines  de  bombes  k  bord,  bien  lut^es  et  encaie- 
s^es  dans  leur  soute,  seront  infiniment  moins  dangereuses  que  les  centaines  de 
barils  de  poudre  auxquels  on  est  babitu^." — Paixhans^  p.  86. 
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would  naturally  be  far  greater  than  that  occasioned  by  the  ex- 
plosion of  an  enemy's  shell :  a  contingency  which  the  crew  must 
be  prepared  to  expect.  It  has  been  well  said,  by  a  gallant  naval 
oflScer,  that  the  panic  occasioned  by  the  explosion  of  one  of  her 
own  shells  on  the  fighting-deck  of  a  ship  in  action,  would  be 
greater  than  that  produced  by  the  bursting  of  one  of  her  guns, 
and  what  that  is,  we  know  by  the  effects  produced  by  the  burst- 
ing of  a  gun  on  board'  the  "  Eedoubtable "  at  Trafalgar ;  the 
"  Isis  "  at  Copenhagen ;  the  "  Csesar  "  on  the  Ist  of  June,  1794 ; 
the  "  Ambuscade "  in  action  with  the  **  Bayonnaise ;"  the 
"  Princess  Royal "  at  Toulon ;  the  French  gunnery-ship  "  FUra- 
nie  "  in  exercise  in  1852,  &c.  &c  The  effects  upon  the  material 
of  a  ship  produced  by  the  bursting  of  a  shell  are  shown  in  the 
case  of  the  "  Medea "  (Art.  286),  and  the  experiments  men- 
tioned in  Arts.  291,  294. 

The  worst  enemy  to  be  dreaded  in  naval  action  is  internal  ex- 
plosions ;  panic  is  the  invariable  accompaniment  of  them.  The 
great  object  sought  to  be  attained  in  all  the  improvements  in 
the  material  and  service  of  naval  artillery,  has  ever  been  the 
prevention  of  accidental  explosions  of  powder  in  ships  during 
action,  and  security  against  fire.  For  this  the  flannel  cartridge 
was  introduced,  in  order  to  avoid  the  danger  of  pieces  of  a  paper 
cartridge — ^lurking  in  the  gun,  or  flickering  about  like  touch- 
paper  between  decks— being  brought  in  by  the  wind  after  the 
gun  is  fired,  or  by  indraughts  of  air  through  the  ports.  For  this, 
also,  was  introduced  the  quill-tube,  in  order  to  get  rid  of  the 
priming  of  loose  powder ;  and  the  lock,  to  banish  the  lighted  , 
match.  In  former  times  no  ship  was  allowed  to  fire  a  salute, 
far  less  to  go  into  action,  untQ  all  the  fires  had  been  extin- 
guished. 

By  a  wise  and  resolute  disuse  of  hand-grenades  in  the  tops ; 
the  avoidance  of  all  firing  from  aloft  among  the  sails ;  by  careful 
inspection  on  the  part  of  the  officers ;  and,  in  general,  a  whole- 
some dread  of  all  incendiary  projectiles  from  which  the  French 
suffered  so  severely  during  the  late  war,  our  ships  have  been 
more  free  from  accidental  fires  than  those  of  any  other  nation, 
and  there  is  no  instance  on  record  of  an  English  ship  of  war 
blowing  up  in  action,  during  that  protracted  period. 

But  now  receptacles  (shells)  containing  gunpowder,  infinitely 
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more  dangerous  than  cartridge-cases,  and  these,  to  boot,  are 
accumulated  on  the  fighting-decks  of  ships ;  and,  with  respect  to 
fire,  actions  will  now  be  carried  on  in  the  midst  of  heat  and  smoke 
mingled  with  sparks,  in  steam-propelled  ships,  particularly  on 
the  upper  decks ;  and  this,  with  every  respect  and  value  for  the 
introduction  of  that  giant  power  so  successfully  applied  to  the 
propulsion  of  ships  of  war,  adds  unquestionably  a  new  element 
of  danger  arising  from  fire,  which  demands  more  than  ever  the 
utmost  precaution  to  expose  as  little  as  possible  any  explosive  or 
ignitable  bodies  upon  which  it  might  act.  From  this,  together 
with  other  dangers  and  contingencies  relating  to  their  machinery, 
it  has  been  truly  said,  "  that  steam-vessels,  compared  with  sailing- 
ships,  have  vastly  more  vulnerable  or  vital  points  than  they,  and 
far  more  to  dread  from  fire." — *  Eeport  on  tiie  National  Defences 
of  the  United  States,  1852.' 

306.  The  author  has  considered  attentively  the  numerous  in- 
stances which  are  to  be  found^  in  naval  history  of  the  panic 
wliich  is  invariably  created  by  any  unexpected  catastrophe  of 
the  description  above  alluded  to.  Suppose  a  ship  having  vast 
numbers  of  live-shells  on  her  decks  to  take  fire,  either  in  action 
or  not ;  what  is  to  be  done  ?  The  magazine  may  be .  flooded, 
and  the  powder  immediately  rendered  innocuous ;  but  the  shells, 
whether  in  the  shell-rooms  or  on  the  decks,  are  impervious  to 
water.  Those  in  the  shell-room  cannot  be  got  at,  or  at  least 
got  out  in  a  hurry ;  those  on  its  decks  should  be  immediately 
thrown  overboard ;  but  all  this  can  scarcely  be  expected  of  a 
crew  in  a  state  of  panic.  In  the  case  of  the  "  Ajax,"  even  with- 
out the  presence  of  these  terrible  agents,  on  the  alarm  of  the 
ship  on  fire  being  given,  380  men  jumped  overboard,  and  250 
of  the  crew  perished.    (James'  '  Naval  History,'  vol.  iv.  p.  301.) 

307.  There  can  be  no  doubt,  that  if  a  solid  shot  were  to  pene- 
trate into  a  shell-room  with  much  force,  and  strike  a  row  of  shells,* 
as  in  the  Dutch  experiment  mentioned  in  Art.  293,  and  in  those 
of  1853,  there  would  be  an  end  of  that  ship.  Is  it  quite  certain 
that  the  shell-rooms  of  ships  in  general  are  suflBciently  below 
the  water-line  to  be  perfectly  secure  against  such  accidents? 
Their  crowns  should  be,  at  leasts  six  feet  below  tlie  load  water- 
line  (*  "  Excellent "  Experiments,'  No.  10,  pp.  22,  23).  Are 
they  so  in  all  cases?     It  appears  from  the  table  given  in 
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Art.  2S3  that,  excepting  in  first  and  second  rate  ships,  the 
crowns  of  sheU-rooms  are  not  so  much  as  six  feet  below  the  load 
water-line,  and  still  less  are  they  below  light  water-line :  in  all 
smaller  vessels,  down  to  the  lowest  class,  the  shell-rooms  are 
less  and  less  safe.  It  mast  be  remarked,  likewise,  that  when  a 
ship  in  action  heels  off  from  her  eneray,  as  when  fighting  her 
weather-gims,  she  exposes  much  of  her  side  between  the  actual 
and  general  water-line ;  also  when  she  heels  towards  her  enemy, 
her  deck  may  be  penetrated  by  shot ;  and  again,  when  engaged 
at  a  considerable  distance,  a  shell,  fired  at  a  high  elevation,  may 
descend  upon  her  deck  The  author  saw  a  shell  fall  upon  the 
deck  of  "  L'Aigle,"  Britisli  frigate,  when  in  action  in  the  Scheldt 
in  1809;  it  penetrated  into  her  bread-rooni,  and  there  exploded 
within  a  mass  of  bread  in  bulk.  Had  the  bread-room  been  a 
shell-room  there  would  have  been  an  end  of  her. 

308.  Nor  can  the  crowns  of  shell-rooms  or  magazines  be 
lowered  in  steam-propelled  ships  in  particular;  for  so  much 
space  is  occupied  by  the  engine  (the  great  object  being  to  keep 
this  entirely  below  the  water-line)  that  it  is  not  possible  to  stow 
the  large  complement  of  shells,  under  a  less  height  In  order, 
therefore,  to  provide  sufficient  space  for  the  stowage  of  shells, 
their  rooms  must  be  made  proportionally  longer.  Hence  the 
necessity  of  making  ships  of  greater  length  is  mainly  attributable 
to  the  vast  capacity  required  for  the  stowage  of  shells,  each  of 
which  being  placed  in  a  rectangiilar  box,  absorbs  a  very  large 
portion  of  the  interior  of  the  ship.  Powder,  packed  in  hexagonal 
cases,  is  stowed  compactly  and  with  no  loss  of  space. 

300.  It  was  first  enjoined  peremptorily,  by  regulation,  that 
shells  should  always  be  stowed  as  far  as  possible  from  the  sides 
of  a  s!up ;  but  live-shells  are  now  stowed  in  increased  numbers 
on  the  fighting-decks  of  ships,  either  on  shelves  between  and 
near  to  both  sides  of  the  deck,  or  massed  on  the  side  opposite  to 
that  engaged.'  So  tliat,  in  the  first  case,  a  shot  might  strike  and 
explode  a  whole  rank  of  several  shells ;  and,  in  the  latter  case, 
strike  a  mass  of  shells  so  placed.  These  regulations  cannot  be 
all  right  or  rational.  The  disci'epancy  between  the  former  rule 
(Art.  286)  and  the  recent  regulations  ia  most  alarming  as  to  the 

■  Sec  New  General  Order,  June,  1854. 
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future,  and  the  author,  being  certain  that  the  original  prcoantion 
vfaA  well  founded,  while  the  relaxation  ia  peiilous  in  this  respect, 
as  well  as  in  others,  strongly  urges  the  necessity  of  a  return  to 
tho  first  method,  confirmed  as  ita  advantages  have  been,  by  the 
results  of  experiments,  which  concur  in  proving  the  danger  of 
stowing  live-sheila  anywhere  but  in  rooms  appropriated  fot  their 
reception. 

310.  Tho  French,  as  well  as  ourselves,  have  long  been  experi- 
menting on  percussion-fnzes,  and  appear,  from  what  is  stated  by 
M.  Chorpentier  and  other  authors,  to  have  brought  an  instru- 
ment of  that  description  to  perfection  in  the  BiUette  shell.* 

Thus  it  appears  that  the  naval  forces  of  the  two  great  mari- 
time Powers  are  both  provided  with  appalling  weapons  of  mutual 
deBtruction,  and  were  prepared,  if  unhappily  there  had  been 
occasion,  to  use  them,  a  tyutrance,  against  each  other's  ships,  in  a 
barbarous  and  ignoble  strife,  in  which  it  seems  the  only  question 
IB,  which  shall  be  burnt  first !  We  know  the  dangers  of  the  shell 
Bystem,  and  it  ia  our  duty  to  provide  against  them.  The  French, 
it  should  be  observed,  experienced  very  numerous  terrific  proofs 
of  the  treacherous  and  suicidal  eSecta  of  incendiary  and  com- 
bustible projectiles  in  action  with  our  ships  and  fleets  in  the 
course  of  the  war  of  the  Eevolution ;  a  detailed  account  of  these 
will  be  given  on  a  future  occasion.  It  is  sufficient  for  our  pre- 
sent purpose  to  state,  tliat,  exclusive  of  numerous  comparatively 
trifling  explosions,  "  Qui  s'cst  trop  souvent  renouvele  dans  la 
longue  et  funeste  guerre  de  la  Revolution," "  four  or  five  sliipa 
of  the  line,  six  frigates  and  smaller  vessels,  were  either  burnt, 
hlown-up,  or  ao  terribly  damaged  by  their  own  incendiary  and 
combustible  weapons,  as  to  be  incapable  of  further  resistance, 


■  "  Les  boulots  creuz  employ^  aur  la  flotte  doivent  d&wmiais  Itre  asau- 
jcttie  au  jn^camame  percutaat,  <le  I'mveution  de  M.  le  cspilaine  de  corvette 
Billettf.  Nous  avoiis  dit  les  nuitons  que  ne  noiiH  pcrmctUiit  jiaa  da  noua 
^Wndre  auT  ces  projectiles,  d'invention  Doovellc,  raisons  quo  le  lecteiir  saisin 
aiaimeot." — 'Essai  sur  le  Materiel  de  I'ArtilloriD  de  nos  Navires  de  Guerre,' 
p.  164.  M.  Billette  bad  previousl;  applied  the  fulmiDatiiig  principle  to  the 
Ignition  of  the  fiiKea  of  g«a-service  grenailcB,  to  be  thrown  by  hsnd,  or  tossed 
by  braceklt  (a  sort  of  aling,  one  end  of  which  ia  strapped  to  the  right  arm  n  f 
the  user)  from  the  tops  of  French  shipB  on  the  dicks  of  the  enemy's  vessel ; 
and  all  French  shijis  of  war  are  now  largely  supplied  with  these  incendiaries, 
viz.,  ships  of  the  line  with  300,  and  frigates  with  250  nnd  170,  according  to 
their  clasBea.^ChatjKn((er,  p.  174. 

*"  De  la  (Iraviere,  vol.  i.  p.  97. 
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without  injuring  or  destroying  one  of  oora ;  and  that  in  those 
awful  catastrophes  many  hundreds  of  Frenchmen  perished ; 
whilst  numbers  of  those  who  threw  themselves  into  the  sea  to 
escape  the  fury  of  a  more  relentless  element,  were  rescued  from 
a  watery  grave  by  the  humanity  and  intrepidity  of  British  sea- 
men,*, who  in  tlie  heat  of  action,  at  great  risk  to  themselves,  and 
with  some  loss  in  killed  and  woimded,  succeeded  in  their  humane 
attempts. 

311.  We  feel  deeply  sensible  of  tlie  atrocious  character  whicli 
such  a  system  of  warfare  must  assume,  and  in  which  we  may  he 
involved ;  but  the  adoption  of  that  system  by  us  will  cast  no  slur 
upon  our  national  character,  for  self-defence  is  the  first  law  of 
nature,  and  the  first  duty  of  nations ;  and  we  are  provided  with 
abundant  means  to  try  the  shell  system  in  war,  if  unhappily  it 
should  be  forced  upon  us.  But  are  we  quite  prepared,  in  all 
respects,  to  carry  out  the  incendiary  system  on  equal  terms  with 
those  from  whom  we  have  to  a  great  extent  already  imitated  it  ? 
The  French  naval  shells  contain  incendiary  bodies,''  which,  when 
ignited  by  the  bursting  of  the  shell,  are  scattered  about  in  every 
direction,  bnm  with  far  greater  intensity  than  la  roche  a  feu. 


•  In  the  action  of  the  13th  July,  1795,  Hie  "AlciJe,"  74,  set  fire  to  herself 
with  her  own  greiiailea.  Of  the  615  men  oa  board,  300  were  saved  by  the 
boata  of  the  British  ahips.  (De  h  Graviire,  vol.  i.  p.  97.  James'  '  Naval 
Hialory,'  vol.  i.  p.  271.)  The  "  AchiUe,"  at  Traral_giir,  set  lierself  on  fire  in  the 
same  manner,  when  closely  engaged  with  the  "  Prince."  "  As  soon  as  Captain 
Oriiidall  jieroeived  that  hia  opponent  was  on  fire,  and  her  crew  jumping  over- 
board, he  sent  hia  bi>atg  to  the  rescue,  which,  together  with  those  of  the 
'rtwiftsure,'  Captain  Kutherford,  soon  after  aidfd  by  those  of  the  'Pickle' 
schooner,  aiid  the  '  Entreprenanto '  cutter,  effected  their  noble  and  gensrouB 
purpose.'' — James'  '  Naval  History,  vol.  iv.  y>I>.  74-77. 

^  "  Ce«  oylindres  Bonl  lea  mfimes  pour  tous  les  pnijeotiles  cretis  ;  et  iifl  ne 
i^n^rcnt  entre  eux  que  par  leura  dimensioos,  qui  varient  snivant  le  calibre 
doB  projectiles. 

"  Ln  nouvello  composition  dont  on  se  aert  pour  gamir  lea  cylindres,  briile 
avcc  bcaiiconp  d'intcnsite,  et  donne  un  grand  ddvcloppemcnt  de  chaleur  aiusi 
que  beuucoup  de  fum^e  [lendant  aa.  combiiatii>n ;  va  aorte  que  cct  incendiaire 
remplace  avec  avantage  la  roche  k  feii  et  les  mfeches  que  Ton  cwployait  pour 
obtenir  le  mSme  effet.* 

"Lo  di^pBTtement  de  la  Marine  a  adopW  co  perfectionnement ;  etan  tableau, 
indiquont  le  mode  de  chargement  des  projectiles  creiix  et  la  composition  du 
nouvel  incendiaire,  a  4t6  envoys  dans  totis  lea  Arsenaus  Maritimea  pour  qua 
les  arliGoiera  aient  k  s'y  oonformer." — '  Essai  sur  le  Materiel  de  rArtillerie  de 
noa  Navirea  de  Guerre,'  par  F.  E.  A.  Charpentier,  Colonel  d'Arlillerie  Marine, 
p.  165  ;  '  Aide  M^moiro  Navale,'  p.  270 ;  and  Gassendi,  p.  179. 

rofSOlB  .170  k. 


*  The  quintlty  of  Uili  eompoiitlon  pat  Into  [ho  >twU  ( 
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develop  more  heat,  and  give  out  dense  smoke  during  tlie  com- 
bosHoii,  which  must  interrupt  for  a  considerable  time  the  working 
and  aiming  of  the  guns.  The  incendiary  faculties  of  these 
cylindrea  mcetidiairee  must  increase  prodigionaly"  the  chance  of 
setting  fire  to  any  antagonist  ship  in  close  action,  with  compara- 
tive  safety  to  that  from  which  they  are  discharged,  unless  the 
opponent  poaseES  and  use  the  like  meaua.  If  he  do,  then  must 
the  issue  be  tried  by  the  practices  and  artifices  of  the  br^tier, 
and  both  combatants  perhaps,  or  at  least  one,  will  surely  be 
burnt.  If  we  disdain  to  descend  to  such  a  practice — and  this,  so 
far,  appears  to  be  the  case — then  we  must  endeavqj.u-  to  act  in 
some  other  way  which  shall  not  expose  us  so  disadvantageously 
to  the  terrific  effects  of  a  destructive  weapon  wliicli  we  scorn  to 
use.  What  would  Nelson  have  said  to  this  incendiary  warfare?" 
Ked-hot  shot,  too,  a  projectile  incendiaire  which  Napoleon 
denounced  ('  Memoires,'  tom.  i.)  as  a  dangerous,  troublesome, 
and  difficile  weapon,  so  repugnant  to  the  feelings  of  Frenchmen 
as  to  have  been  renounced,  will  again  come  into  use,  if  not  in 
ships,  at  least  in  coast  batteries  (witness  the  fate  of  the  "  Cliristian 
VUI."  Danish  sbip-of-the-line,  Art.  304),  and,  no  doubt,  shell- 
equipped  ships  will,  much  more  than  others,  invite  a  return  to 
that  practice.  Notwithstanding  the  assurances  contained  in  the 
'  Aide-Memoire,'  p.  438,  that  "  Le  tir  k  boolets  rouges  est 
aujourd'hui  presque  inusite,"  and  Charpentier's  observation 
('Essai  sur  I'Artilleric  Navale,' p.  183),  "que  I'usage  de  faire 
rougir  an  feu  les  boulets  des  batteries  de  cote  a  heaucoup  perdu 
de  son  aucieune  faveur,"  several  vessels  of  the  combined  fleets 
in  the  Black  and  Baltic  seas  were  struck  with  red-hot  shot 
Two  lodged  in  tlie  "  Vauban  "  at  Odessa,  wliich  obliged  Iier  to 
retire  out  of  action  to  have  them  extracted,  which  wilii  the  aid 


■  Transhtt'on  by  the  lion.  Capt.  Flimkel,from  De  la  Oraviire: — "Having 
witneBscd  the  deatniction  of  'L'Alcide'  and  'L'Orient,'  Nelson  conBidered 
rincendie  as  the  greatest  danger  of  a  Daval  action.  Before  the  battle  of 
Trafalgar  commeDced,  be  ordered  all  the  haul moclt -covers  on  the  sides  of  the 
'  Victory '  to  be  well  watered,  and  lo  tlirow  into  (he  sea  or  remove  everything 
that  could  eerve  to  aliment  fire.  It  was  to  this  pte-occupation,  ahove  all, 
that  the  ahsence  of  musfeetiy  in  the  tops  of  the  'Victory' may  be  attributed. 
Nelson  thought  that  n  carelcsa  discharge,  a  fortuitous  CKplosion,  might  «ct 
fire  to  the  tons  and  rigpins,  and  become  the  cause  of  a  friglitfii!  uccideiit. 
This,  in  fact,  happened  in  that  very  battle  lo  the  French  ship  '  L'AchiUe."  *" 
—[He  might  have  added,  the  "  Redou table ."j— vol.  ii.  p.  224. 
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of  eoine  (larpentere  Bent  from  a  ship  of  the  line,  was  effected,  1 
when  she  rejoined  the  squadron  in  action.  The  practice  of  I 
firing  red-hot  shot  from  land-batteries  is  not  without  its  dang^i  i 
A  32-pounder  of  56  cwt.  burst  at  Gibraltar  in  October,  1852, 
in  using  hot  shot,  by  which  fatal  accident  three  officers  and  ten 
men  were  either  wounded  or  killed.  The  gun  broke  into  many 
fragments,  some  of  which  were  tlirown  to  distances  of  140  yards. 
Another  melancholy  accident  of  this  description,  for  which  no 
8atiafa<:tory  cause  has  been  assigned,  took  place  at  Malta  in 
May,  ISoi.  The  gun  burst  into  eight  pieces,  one  of  which  was 
tlirown  to  4  ilistance  of  100  yards :  one  man  was  killed,  one  lost 
his  leg,  and  three  were  wounded ;  three  of  the  officers  present 
miraculously  escaped  imminent  danger ;  the  carriage  on  wliieh 
the  gun  burst  was  broken  to  pieces ;  the  carriage  of  the  gun 
next  on  the  right  was  broken ;  and  the  gun  thrown  into  the 
ditch.  The  expansion  of  the  shot  by  being  raised  to  red-lieat  is 
less  likely  to  hare  occasioned  such  an  accident  with  this  gun 
than  with  any  other ;  for  its  windage  is  greater.  However  this 
may  be, — were  such  a  catastrophe  to  happen  in  a  ship,  it  might 
be  fatal  to  her.  This  resumption  of  the  use  of  red-liot  shot 
in  land-batteries  caimot  be  revived  in  ships,  without  extreme 
danger.  It  may  be  said  with  respect  to  steara-ships,  that  as 
they  have  furnaces  in  which  shot  may  be  heated  without  any 
difficulty,  so  the  case  should  be  exceptional  with  respect  to 
them  ;  and  this  appears  to  have  been  so  at  Odessa,  where  red- 
hot  shot  were  fired  from  the  "Terrible;"  but  there  is  already 
BO  much  danger  of  fire  in  all  ships  by  the  incendiarj'  system 
now  in  use,  that  it  were  better  not  to  add  another  element  to 
those  perils. 

We  find  in  the  chapter  on  Projectiles,  in  M.  Charpentier's 
work  '  L'Artillerie  de  la  Marine,'  that  experiments  have  been 
made  at  L'Orient  and  Brest^  with  a  new  description  of  missile, 
denominated  " asphiiiatits'  because  it  develops  a  delet«rioas 


•  "  Une  nouvelie  esfice  Oo  projeotilea,  dits  aspliiiianU,  parce  qn'ila  ont 
on  offet  la  propriit^  de  produiro  par  le  d^veloppcmwit  de  gaz  deliStire 
rM]ilii»ie  imm^iaie  dea  fitres  organis^  ce  qui  les  rendrait  surtout  reduuU 
able  pour  les  navircs  ennemia,  but  leaquela  I'ajglom^ration  d'un  jjrand  nomlirB 
d'hoDirueadans  un  espace  resserfd  en  fnvoriaoroit  (luiHsamraent  VvWqI  sulTocniit," 
— ■  Eaaai  aur  rArtillerie  do  nos  Navires  de  Guarre.'  p.  185.    In  1851  eKjieri- 
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gas,  which  producea  the  immediate  sii0bcatioii  of  all  organized 
beings."  Wiether  those  truly  diabolical  weapons,  as  M.  de  la 
Gravifere  denooiinates  all  sucli  means  (vol.  i.  p,  98),  baye  been 
adopted  in  the  French  navy,  is  not  known ;  but  they  stand 
in  type  aa  one  of  the  weapons  of  the  new  French  system  oi 
warfare. 

Rockets  are  included  in  the  category  of  projectiles  adopted  in 
the  French  navy  for  incendiary  purposes  (CharperUier,  p.  200). 
Tliey  are  said  to  be  "  particuliferement  proprea  pour  lea  navirefl 
k  vapeur,  qui  ont  la  facultc  de  s'approcher  anssi  pris  que  pos- 
sible dea  cfites,  et  corapenseraient  d'ailleurs  avantageuaement 
aur  cea  navirea  le  petit  nombre  de  bouches  k  feu  que  leur  nature 
permit  d'y  placer."  The  Kocket  system  is  explained  further  on 
(Art.  331  et  seq.). 

312.  The  "  Vengeur"  was  aunt  in  the  battle  of  June  1,  179^ 
by  the  fire  of  the  "  Brunswick,"  74,  Captain  Harvey.  Wlien  in 
a  sinking  state,  all  the  boats  of  the  "  Alfred,"  "  Culloden," 
and  "Rattler"  cutter,  that  could  awim,  were  sent  to  save  aa 
many  as  they  could  of  her  people.  Thus  213  men  were  saved 
by  the  boats  of  the  "  Alfred,"  whilst  those  of  the  "  Culloden  " 
and  "  Rattler  "  rescued  nearly  as  many  more.* 

But  theae  noble  and  generous  impulses — these  humane  ex- 
ertions— far  from  being  cherished  and  practised,  will  be  smothered 
and  repressed  in  that  mercileas,  rutldoRs,  and  inglorious  system 
of  warfare  for  which  we  have  been  compelled,  with  the  utmost 
repugnance  and  at  enormous  cost,  to  prepsire.  ITie  black  flag 
displayed  over  the  depository  of  the  sick,  the  wounded,  and  the 
dying,  in  a  besieged  forti-ess,  is  ever  held  sacred  by  the  usages  of 
war,  as  marking  a  locality  appropriated  to  purposes  of  humanity. 
There  the  medical  officers — non-combatants — perform  their 
mournful  duties  in  safety ;  the  aick  and  the  woimded  are  no 
longer  exposed  to  tlie  casualties  of  war;  and  the  dying  depart 
in  peace.     But  what  shall  be  said  of  that  inhuman  system  pre- 


1 


meota  were  nwde  seoretlj  at  Brest  with  boulets  nsptiiiianla,  under  the  direc- 
tion of  a  special  committee  appointed  for  tlie  purpose. 

The  author  ieams,  with  great  regret,  that  some  awful  eaperimentB  have 
heen  made,  with  feoriul  success,  in  tiie  Royal  Arsenal,  with  projectiles 
afliihiiianls,  combining  in  a  ftiglitful  degree  incendiary  with  HUffocating 
cffiictsi 

•  James' '  NftVttl  History,'  vol.  i.  p.  164,  Cbamior'a  edition. 
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pared  for  nayal  warfare,  in  this  age  of  enlightened  humanity, 
which  would  advisedly,  purposely,  and  deliberately  consign  the 
whole  of  these,  and  all  other  survivors,  to  indiscriminate  and 
instant  death  or  mutilation  ?  A  ship  may  be  scmk  in  action ; 
yet,  £is  we  have  seen,  there  is  always  time  to  remove  the  sick 
and  wounded,  and  save  the  survivors ;  but  who  shall  approach 
a  ship  on  fire  to  rescue  her  crew  from  the  sudden  and  awful 
eflfects  of  that  merciless  and  barbarous  system,  the  object  of 
which  is  to  set  fire  to  her  at  heart,  and  if  possible  blow  her  up  ? 
313.  A  melancholy  reab'zation  of  the  evils  depicted  in  the 
previous  article  marked  the  commencement  of  the  late  war  with 
Bussia  (1854),  at  Sinope,  where  the  Bussians  proved  that  they 
well  understood,  and  can  effectually  use,  the  weapons  which 
they,  too,  have  imitated  from  France;  and,  from  what  they 
effected,  they  may  learn  what  they  have  to  expect  in  return, 
when,  in  combat  with  ships  armed  in  a  similar  mamier,  they 
shall  be  exposed  to  the  incendiary  projectiles  of  their  opponents, 
as  well  as  to  the  suicidal  effects  of  those  which  they  carry  on 
board  of  their  own  ships. 

" neque  enim  lex  jequior  ulla, 

Qiiam  necis  artifices  art^  perire  sua.*' 

— .'Artis  Amatori<  lib.  i.  v.  655,  656. 

In  the  burning  of  the  Turkish  squadron  the  Bussians  only 
did  that  which  our  noble  ships  are  expressly  designed,  and  fully 
equipped,  to  do :  it  was  not  effected  by  percussion  or  concussion 
shells ;  neither  of  which,  as  has  been  already  observed  (Art 
265),  are  so  destructive  on  a  ship,  nor  so  likely  to  set  her  on 
fire,  as  shells  coming  in  with  fuzes  blazing,  and  especially  if 
they  lodge  before  they  burst  The  Bussians  have  not  adopted 
either,  but  use  shells  having  screw  metal  time-fuzes  attached ; 
and  with  these  the  Turkish  ships  were  either  blown  up  by  the 
shells,  which  lodged  and  then  exploded  in  their  interior;  or 
which  ignited,  by  their  fuzes  as  well  as  by  their  explosion,  the 
powder  circulating  on  the  fighting-decks,  and  thus  occasioned  so 
much  panic  among  the  crew  that  they  were  unable  to  extin- 
guish the  fire ;  in  consequence  of  which  the  whole  of  the 
Turkish  squadron  was  either  burnt  or  blown  up :  thus  veiifying 
the  proguostication  of  General  Paixhans,  expressed  in  liis  original 
work; — "  Enfin  la  grande  faculte  incendiaire  des  canons-a-bombes 
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sera  de  mettre  de  feu  aux  pondres  qai  circulent  pendant  le 
combat ;  effet  terrible,  qui  causera  une  deflagration  totale,  que 
rien  ne  saura  empecber'" — tbe  very  catastroplie  wbich  occurred 
at  Sinope,  as  reported  by  tbe  Commission  of  naval  officers  sent 
by  the  French  government,  at  the  request  of  General  Paixbans, 
to  inquire  iuto  the  facts  aud  circumstances  of  the  destruction 
of  the  Turkish  frigates."  The  Turks  have  great  cause  to  dread 
incendiary  warfare  in  general,  and  Kusslan  shells  in  particular. 
A  large  Turkish  squadron  was  wholly  burnt  iti  that  manner  by 
the  Russians  in  the  bay  of  Tschesme  in  1770.  The  Greek 
Brillotier  "  Canaria  "  and  others  destroyed  a  Turkish  squadron 
and  many  Turkish  ships  iu  the  war  of  the  Greek  Revolution  by 
setting  them  on  fire ;  and  the  services  of  the  "  Karteria,"  under 
the  command  of  Captain  Hastings,  during  that  war,  further 
inspired  the  Turks  with  terror  of  the  incendiary  warfare,  which 
that  commander  prosecuted  with  red-hot  shot  and  sheUs;  by 
the  former  of  these,  priucipolly,  he  obtained  his  successes.  We 
may,  however,  rely  upon  it,  and  take  warning  accordingly,  that 
this  mode  of  naval  warfare,  which  the  Russians  were  the  first  to 
practise,  and  which  proved  so  destructive  at  Sinope,  will  be  used 
from  land-batteries  with  still  greater  effect  against  ships,  in  pro- 
portion to  their  magnitude,  and  witli  more  safety  to  tbomselvea 
than  when  employed  ship  against  ship,  fraught  as  it  is  with 
danger  to  the  users,  as  stated  by  Faixhans  and  others. 

Shells  fitted  with  time-fuzes  combine  the  incendiary  with  the 
explosive  quality,  whereas  percussive  shells  are  pnrely  explosive. 
The  Russians  prefer  the  former  shells ;  and,  in  order  that  there 
may  be  time  for  them,  before  bursting,  to  set  fire  to  the  aliip  in 
wliich  they  lodge,  they  use  rather  long  fuzes.  It  is  to  this  cir- 
cumstance probably  that  the  gallant  young  Lucas  owed  his  life, 
and  bb  comrades  their  preservation,  while,  by  his  heroic  conduct, 
the  ship  was  saved.  Percusaion-shells  are  useless  for  an  attack 
on  stone  walls;    and  in  the  inceudiary  warfiire  carried  on  by 
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■  Paixhaiu, '  La  Nouvelle  Foroe  Maritime  de  U  Fcance,'  p,  TS. 

'  It  JB  vary  probable  that  theao  sheila  iDiiy  have  contained  ct/lindrts 
iiiceadiairfg,  described  Art.  311,  ¥!o^  '■,  aa  in  the  Frtiucb  naval  service  ; 
but  that  the  projectiles  useil  by  tbe  Busaiiuis  on  tliat  uccasicju  were  uot 
InnletH  !i£jJiixiiLiitii,  aa  lias  becu  atatcil,  uut  iH:rciiBaion-Rhc1k,  ttie  author  bus 
'it  iu  bit!  power  Ui  state  ou  the  aulbL>rity  uf  tbu  Cuiuuiktiiou  meutiuucd  above. 


314  NAVAL  OUNNEitY.  I'abt  D 

British  slu'iis  agdinst  works  wliich  may  be  burnt,  they  are  not  so 
efficient  as  time-fuzed  shells, 

314.  The  ftSitir  of  Siuope,  in  which  the  Paixhans  shell  system 
was  first  used  in  war,  forms  so  important  an  epoch  in  the  history 
of  the  new  system  of  naval  warfare,  that  the  reader  will  natu- 
raUy  expect  to  find  some  account  of  that  conflict  in  these  pages ; 
and  much  interest  is  given  t«  that  subject  by  an  important  paper 
written  by  General  Paixhana,  and  entitled  '  Observations  sur 
rincendie,  dans  la  Mer  Noire,  des  Batimens  Turcs  par  la  Flotte 
Eusae.'  The  observations  are  dated  15th  of  February,  1854, 
and  were  published  by  authority  in  the  'Monitour'  a  few  days 
afterwards.  In  that  dociunent  it  appears  to  liave  been  his  prin- 
cipal object  to  point  out  the  errors  committed,  ae  he  thinks,  in 
France — and  this  applies  to  ua  in  a  greater  degree — of  con- 
structing ships  of  greatly  increased  magnitudes,  and  concen- 
trating in  them  multiphcities  of  explosive  and  ignitable  bodies, 
instead  of  the  reverse,  as  proposed  by  him  and  approved  of  at 
the  time  (pp.  20,  22  of  the  work  above  quoted).  He  states  in 
his  original  work,  and  in  his  recent  publication,  that,  aa  a  few 
of  his  canons-obuaiers  in  a  comparatively  small  vessel  are 
capable  of  destroying  any  ship  however  vast,  costly,  and  well 
mamied,  so  no  ship  should  he  armed  with  more  than  four  or  six 
canons-obusiers ;  no  sheila  should  be  exposed  on,  or  be  conveyed 
to  great  distances  along  her  fighting-decks.  He  adds  that  hori- 
zontal shells  fired  with  skill  from  a  ship  so  equipped  will  destroy 
any  vessel,  and  this  with  the  greater  certainty  in  proportion  as 
she  is  large ;  because  the  circulation  of  powder,  and  the  accu- 
mulation of  projectiles  for  the  service  of  a  greater  numK>r  of 
guns,  must  multiply,  in  that  proportion,  the  chances  of  an  entire 
explosion  of  the  vessel ;  and  he  therefore  strongly  recommends 
that,  instead  of  investing  ui  a  single  veesel  the  vast  sum  of 
money  required  to  construct  a  ship  of  80  or  130  guns,  armed  and 
fitted  for  shell-firing,  thus  risking  the  total  loss  of  tlie  ship,  and 
the  lives  of  a  thousand  men,  on  one  fatal  chance,  it  would  he 
better  to  lay  out  the  same  sum  of  money  in  constructing  two  or 
three  smaller  vessels,  which  might  together  carry  that  amount 
of  armament  and  the  same  number  of  men. 
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Observations  an  t/ie  Burning  of  the  TurkUh  Frigatee  by  the 
Russian  Fleet  in  the  Black  Sea. 


The  Russian  ships  at  Sinope,"  not  only  had  a  superiority,  two  or 
threo  fold,  of  guna,  hut,  moreover,  the  advantages  of  nn  armunieut 
of  a  different  nature  from  that  of  the  Turks.  Tho  Knesiau  admiral, 
after  having  explained  in  his  official  Report  the  manner  in  which 
he  commenced  the  combat,  states,  "  Our  vessels,  having  entered  the 
"  bay  and  taken  their  positions,  canonadcd  tho  enemy  with  a  well- 
"  directed  fire.  In  less  than  five  minutes,  a  ship-of-the-line,  Grand- 
*'  Dnc-Conatantin,  destroyed  tho  battery  under  her  fire ;  and  the 
"  enemy's  frigate  anchored  near  to  that  battery,  on  which  was 
"  directed  principally  shells  from  the  Paixhans  guna  on  the  lower 
"  deck  of  the  Kussian  uhip,  blew  up.  A  short  time  afterwards  the 
"  Villa  de  Paris,  Russian  ship-of-the-line,  blow  up  by  her  shells 
"  another  Turkish  frigate."  Another  Russian  account  sent  to  Berlin 
states,  that  in  the  second  tack  of  tho  Russian  ship  Constantln  the 
Turkish  frigate  carrying  tho  admiral's  flag  blew  up  also. 

Every  one  will  allow  that,  in  seeing  my  name  thus  placed,  It  waa 
natural  for  me  to  foel  the  necessity  of  making  some  observations 
on  this  oocueion ;  the  publication  of  these,  however,  1  deferred  that 
I  might  afSrm  nothing  until  I  should  have  other  information  than 
that  given  in  the  Russian  bulletins. 

To  obtain  these  I  addressed  myself  to  tho  French  Ambassador 

in  Turkey,  in  conaoquence  of  which  an  investigation  was  made  at 

Sinope,  and  I  select  the  following  paaaagea  from  the  reply  to  my 

questions  : — "  None  of  tho  Turkish  ships  destroyed  had  any  Paix- 

hans  guns ;  their  largest  pieces  of  ordnance  wero  of  the  calibre 

of  24,  and  there  wero  but  few  of  these." — "  The  land  batteries 

wero  not  armed  with  Paixhans  guns,  but  with  cannon  of  small 

calibre."^"  Those  batteries  were  in  a  very  defective  (pitoyablo) 

state  of  defence."     Then  comes  a  description  of  tho  projectiles 

used  by  the  Russians,  some  of  which  not  having  exploded,  enabled 

the  commission  to  explain  them  exactly.     After  having  described 

them  the  Report  proceeds,  "One  of  these  projectiles  had  lodged  in 

*  Tho  pliant  General  duaij^uati^a  the  liuasiiiu  attack  of  the  Turkish  squa- 
dron at  Sinopu  as  iniquitous,  on  tho  ground,  probahly,  that  Uie  attacl;  ought 
not  to  have  been  made  under  the  political  circuiDEtauces  then  existing.  It 
may,  howover,  bo  cooBidered  as  iniquitous  from  the  fact  that  tiie  Rus^ans 
used  sheila  in  the  action  ;  for  such  nas  their  superiority  in  number  and  calibre 
of  guns  (they  were  heavily  armed  :  many  68  and  42-pounder  solid  shot  fired 
by  them  wore  jacked  up  at  Sinope),  ^at,  instead  of  burning  the  TurfciBli 
ships  and  exterminating  the  crews,  they  might  have  taken  tlie  whole  squadron 
without  firing  a  shell,  and  have  brought  away  the  surviving  men  as  prisoners 
of  war.     The  ships  might  liave  strveil  to  increase  thidr  own  effecti/e  force. 
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*'  the  earth  near  one  of  tihe  batteries,  and,  on  exploding,  projected 
"  its  splinters  to  distances  of  about  300  or  400  metres."  Then  the 
Eoport  states  that  the  Turkish  officers,  interrogated  as  to  the  effect 
of  these  projectiles,  were  unanimous  in  attributing  to  them  the 
setting  fire  to  the  greater  number  of  the  Turkish  ships,  and  in 
stating  that  the  fire  (incendie)  was  followed  by  their  explosion  or 
blowing  up.  The  Eeport  concludes  with  these  words,  ''The 
*'  Turkish  Colonel  of  Artillery  sent  from  Constantinople  to  inspect 
*'  the  state  of  the  forts  is  so  much  impressed  with  this  truth  that  ho 
*«  urgently  demands  that  Paixhans  howitzers  be  supplied.' ' 

The  facts  of  the  case  having  been  thus  certified,  the  following 
are  my  observations : — 

The  canons-obusiers  named  as  above  were  tried  first  at  Brest 
in  1823  (qy.  1821  and  1824?),  and  from  these  experiments,  as  well 
as  othei's  made  elsewhere,  the  great  destructive  effects  of  that  piece 
of  ordnance  have  been  generally  inferred.  Several  distant  facts  of 
war  have  since  added  to  those  proofs;  and  recently  the  English 
Admiral  P.  said  to  M.  6.  that,  if  two  vessels  armed  with  these  guns 
were  to  fight,  it  might  happen  that  in  a  few  instants  one  would 
disappear  in  the  air  and  the  other  under  the  water.  In  short,  in 
the  disastrous  combat  of  Sinope  the  effects  produced  on  the  Turkish 
frigates,  all  of  which  perished,  and  even  on  the  town,  have  but  too 
distinctly  proved  what  will  in  future  be  the  issue  of  maritime 
combats,  every  navy  in.  Europe  and  in  America  having  adopted 
that  nature  of  ordnance. 

Whatever  be  the  sad  impression  resulting  from  these  &cts,  it  is 
impossible  to  throw  the  least  blame  on  the  introduction  of  that 
new  arm.  For,  if  blameable,  why  should  Governments  the  most 
enlightened  have  hastened  to  adopt  it?  Improvements  in  arms 
have  never  been  rejected  any  more  than  other  improvements.  Is 
it  not  established  in  history,  that  the  more  powerful  the  arms,  the 
less  bloody  have  been  the  wars?  The  truth  is,  that  with  naval 
artillery  whose  effect  will  be  prompt  and  decisive,  a  comparatively 
small  vessel,  well  using  this  powerful  artillery,  may  make  herself 
feared  by  the  largest  ship ;  but,  when  the  weak  is  put  in  a  state  to 
be  no  longer  despised  by  the  strong,  the  means  employed  should 
not  be  unfavourably  judged.  Will  it  not  be,  on  the  contrary,  for- 
tunate for  all  maritime  nations  to  be  able  to  arm  their  ships,  their 
coast-batteries,  and  their  seaports,  with  ordnance  the  most  capable 
of  repelling  aggressions,  against  which  the  ancient  artillery  was 
often  comparatively  ineffectual  ? 

As  to  the  deplorable  disaster  of  Sinope,  the  Turks  displayed  the 
most  admirable  energy,  but  foresight  had  prepared  no  chance  for 
the  Kucecss  of  their  courage.  They  exposed  themselves  to  a  most 
unequal  combat,  in  opposition  to  the  soundest  counsel.  The  largest 
pieces  of  ordnance  in  their  ships  were  24-pounders;  there  were 
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few  of  these,  and  the  ships  were  in  a  roadstead  under  the  protection 
of  batteries  to  which  they  had  only  given  the  semblance  of  an 
armament.  Anil  it  may  be  affirmed  that,  if  a  part  of  their  naval 
armament,  and,  above  all,  their  land-batteries,  had  consisted  of 
canons  a  hoitAts  properly  aer^'od,  the  Russian  ships  could  not,  have 
approached  without  receiving  a  severe  lesson  ;  land-batteries  firing 
much  more  accurately  than  those  of  ships,  which  are  always  more 
or  less  agitated  by  wind  and  water. 

That  which  has  lately  happened  in  the  Black  Sea,  and  that 
which  may  soon  lake  place  elsewhere,  is  that  which  will  always 
happen  in  favour  of  any  power  which  may  first  use  efFectually  and 
ably  a  new  weapon  of  war ;  and  this  truth,  if  unfortunately  war 
should  ensue,  ia  about  to  appear  in  another  manner,  by  the  musket, 
which  is  now  receiving  such  remarkable  improvements  in  it*  range 
and  accuiHCy  of  fire. 

To  these  observatii^ns  the  General  adds  the  following,  which  ho 
remarks  will,  perhaps  at  no  remote  period,  prove  useful  to  Franco. 

1st.  Guns  which  fire  shells  horizontally  will  destroy  any  vessel, 
and  will  do  this  with  a  greater  certainty  in  proportion  as  the  vessels 
are  large,  because  the  oiroulation  of  powder  and  projectiles  during 
an  action,  being  more  multiplied  for  the  service  of  a  greater  number 
of  these  guns,  w^ill  multiply  the  chances  of  an  entire  explosion 
of  the  ship.  From  (his  fact  results  Iheimportantquestion  whether, 
instead  of  concenti'ating  in  a  single  ship  of  SO  or  130  guns  and 
1000  men,  and  exposing  that  largo  "quantity  of  military  and 
financial  power,  and  that  amount  of  lives,  to  perish  suddenly,  it 
would  not  be  better,  from  motives  of  humanity  and  considerations 
of  economy,  to  lay  out  the  same  sum  of  money  in  constructing  two 
or  three  much  smaller  vessels,  which  might  together  carry  the 
same  amount  of  armament  and  the  same  number  of  men?  Our 
principal  ships,  being  then  far  less  enormous  and  drawing  less 
water,  may  enter  a  greater  number  of  our  poi-ts,  which  at  present 
are  limited  to  five,  accessible  to  large  ships.  The  construction  of 
three  smaller  vessels  would  neither  require  so  much  time,  nor 
timber,  nor  be  so  costly.  Our  fleets  would  then  find  at  home,  and 
in  onr  colonies,  more  ports  of  refiige  accessible  to  them,  and  they 
would  find  more  points  accessible  to  attack  on  the  coasts  of  the 
enemy.  The  battery  of  a  frigate  may,  as  well  as  the  battery  of  a 
lai^e  ship,  carry  the  means  of  keeping  at  a  distance  or  of  destroying 
an  enemy.  In  the  combat  of  two  or  three  such  sliips  against  one 
adversary  of  colossal  magnitndo,  the  latter  may  doubtless,  if  near, 
be  able  to  destroy  either  of  the  others  singly,  but  theiie  might  con- 
centrate upon  him,  at  a  distance,  mortal  blows,  and  remain  masters 
of  a  field  of  battle  from  which  the  greater  ship  will  have  dis- 
appeared. 


\Vit.liout  entering  into  the  dotaUs,  I  uhall  add,  that,  in  considering 
the  different  maritime  and  commoreial  conditions  of  other  nations, 
it  will  bo  perteived  that  the  mode  of  warfare  beat  adapted  to  our 
country  should  rather  be  a  Bystom  of  doevdtory  and  unexpected 
oxpoditione  and  offensive  cruises,  than  the  heavy  and  diaastronB 
syslom  of  regular  battles  and  general  actions,  A  hundred  powerful 
and  rapid  ft-igates  will  evidently  be  more  nseful  to  France,  than 
40  or  50  ehips-of-ihe-liiie ;  and  this  change  of  system  ia  supported 
by  two  authorilieB  of  great  weight — that  of  the  Emperor  Kapoleon  I. 
towards  the  end  of  hia  career,  and  the  decisive  facts  of  our  recent 
hiatoiy.  Other  powers  may  indeed  adopt  the  same  change,  but,  if 
it  were  not  to  give  this  notice  too  wide  a  circulation,  it  would  not 
be  difficult  to  demonstrate  tliat,  if  a  general  abandonment  of  the 
esqwusive  system  of  fleets  were  to  take  place,  France  would  have 
little  to  lose  and  much  to  gain. 

2nd.  With  an  arm  the  effect  of  which  is  very  destructive,  the 
advantage  will  evidently  be  in  favour  of  those  who  know  best  how 
to  give  it  length  of  range  and  accuracy ;  thus,  both  in  our  actual 
armaments  and  in  the  progress  to  be  made,  these  two  conditions, 
together  with  a  superiority  of  calibre,  should  above  all  othora  be 
satisfied ;  to  this  I  shall  add,  that  if  the  same  efTects  could  be  pro- 
duced by  lighter  pieces  of  artillery  of  the  same  description,  and 
which  do  not  require  vessels  of  such  great  draught  of  wator,  nor 
expose  so  many  men,  wo  should  have  resolved  a  problem  which, 
together  with  great  speed  In  our  steamers  and  greater  numbers  of 
them,  would  give  to  France  a  system  of  naval  economy  which  snits 
her  in  the  higliest  degree. 

Improvements  in  arms  have  never  been  rejected  any  more  than 
other  improvemenlB ;  and  it  is  established  in  history  that  the  more 
powerful  the  anna,  the  less  bloody  have  been  the  wars.  In  general, 
on  the  land  as  well  aa  on  the  sea,  to  enable  combatants  to  keep 
distant  from  each  other  by  increasing  the  range  of  their  arms,  is  to 
reproduce  that  effect  which  happened  when  firearms  superseded  the 
pike  and  the  club,  and  gave  to  science  and  address  an  invincible 
superiority  over  brute  force. 

One  cannot  tell  whether  nations  will  ever  obtain  fiom  their 
governments  the  abandonment  of  warlike  conflicts  by  sea  and  land, 
in  which  flows  the  boat  and  most  valiant  blood  of  the  peoples ; 
but,  until  that  period  arrive  (if  ever  it  arrive !),  those  who  increase 
the  power  and  the  range  of  arms,  will  at  least  constrain  combatants 
to  keep  distant  from  each  other,  and  will  therefore  have  actod  in  a 
sense  favourable  to  civilisation  and  to  hiunonity. 

(Signed)  General  Paixhans. 

Paris,  lOth  Febrmry,  1854. 
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315.  Before  entering  further  upon  tliia  important  document, 
the  author  will  endeavour  euccinctly  to  explain,  as  he  lias  often 
been  recommended  to  do,  for  the  information  of  the  general 
reader,  and  of  naval  and  military  ofBcers  who  may  not  have 
acquired  a  competent  knowledge  of  the  Paixhans  system,  from 
better  soiircea,  the  principles,  effects,  objects,  and  dangers  of 
tliat  new  system  of  naval  warfare  which  has  now  become  an 
object  of  intense  interest  and  vast  importance  to  the  country. 

The  reader,  if  an  adept  in  the  practice  of  artillery,  should 
remember  —  if  not,  he  should  be  informed  —  that  the  shells 
which  produced  those  very  extensive  ravages  upon  the  "  Pacifi- 
cator" hulk  in  tlie  experiments  made  at  Brest,  in  1821  and 
182i,'  upon  the   evidences  of  which  the  French  naval  shell 


*  The  "Pacificator"  hulk,  of  80  guns,  was  moored  in  the  roadstead  of  Brest, 
at  300  toiaes  (639  yards)  from  a  small  ponton  de  eervice  (a  lighter),  on  wliich 
the  gun  was  placed.  The  first  shell  struck  the  veBsel  low,  made  a  fracture 
8  inches  dtame(«r,  perforftting  the  side,  which  was  there  u}>wards  of  28  inches 
thick,  and  exploded  iti-board,  committiiig  very  estensive  ravages.  It  set  iJie 
ship  on  fire  ;  snd  she  would  have  lieen  consumed,  bad  not  men  been  sent  to 
work  the  pumps,  which  bad  been  previously  prepared.  The  second  shell 
perforated  the  quarter-deck,  and  carried  awav  two  planks ;  after  this  it  stnick 
the  main-mast,  taking  off  a  splinter  3  or  4  feet  long,  and  9  inches  deep,  and 
(AiTi  burst,  carrying  off  an  iron  lioop  10  feet  in  circumference,  weeing 
130  lbs.,  a  large  fragtnent  of  which  was  driven  with  great  force  against  the 
opposite  side  of  the  hnlk.  The  splinters  of  the  shell  did  vast  damage  to  the 
materials,  and  must  have  carried  olf  a  great  many  of  the  crew,  hsd  the  vessel 
been  manned.  The  third  shell  perforated  the  side'  l«tween  her  rorts,  broke 
off  an  oaken  knee,  7  feet  long,  and  from  6  to  13  inches  thick,  which,  with  its 
iron  bolls,  weighed  upwards  of  200  lbs. ;  it  then  exjiloded,  knocking  down 
upwards  of  forty  planks,  placed  to  represent  men  at  quarters,  and  doing  very 
eitansive  damage  to  the  material. — Paix/iani,  pp.  38,  39,  40. 

In  Uie  experiments  mode  at  Brest  in  September,  1824,  a  shell  penetrated 
into  the  hulk  at  3  feet  above  the  water-line,  and  then  exploded,  making  an 
0|>ening  of  nearly  3  feet  square,  ravaging,  tearing,  and  separating  the  planks 
above  and  below.  The  Refiort  states,  p.  54,  that  had  that  effect  taken  place 
at  the  line  of  flotation  it  would  have  very  soon  sunk  the  ship.  Another 
shell  exploded  in  the  hulk,  and  set  her  on  fire,  and  would  have  burnt  her  had 
not  prompt  measures  been  token  Ui  prevent  it. 

So  at  Portsmouth,  in  1838,  in  the  shell  experiments  against  the  "  Prince 
George,"  and  in  others  more  recently  made,  the  most  destructive  effects  in  the 
liulk  were  produced  by  shells  which  lodged  and  then  exploded.  Assuredly  no 
such  formidable  effects  could  havs  been  produced  by  concus^on  or  percussion 
shells ;  and  it  must  be  observed  that  the  latter  have  never,  or  rarely,  been 
found,  in  the  experiments  mode  with  them,  to  set  the  hulk  target  on  fire. 
They  pass  too  quickly,  and  burst  too  soon,  to  communicate  their  incendiary 
qualities  to  the  medium  through  which  they  pass.  They  may  blow  up 
cartridges  and  powder-bags,  but  not  directly  set  fire  to  tliu  sliip.  The  ex- 
tremely destructive  effects  of  Paixhans'  shells  in  U'ar  is  a  great  fact,  which  has 
been  proved  at  8ino]io.  The  performance  of  pereussion-shella  is  a  subject 
which  lias  yet  to  be  tested. 
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system  was  fbanddd,  were  loaded  shells,  hamng  fazes  attached, 
which,  ignited  by  the  explosion  of  the  discharge  in  the  gon, 
continued  to  bum  for  a  time  somewhat  greater  than  that  of 
the  estimated  flight,  and  then  exploded;  thus  producing  the 
maximum  effect  which  any  shell  is  capable  of  producing  on  a 
ship.  But^  as  has  been  already  explained  in  Article  267,  so 
much  difficulty  has  been  experienced  in  getting  a  time-fuxe  to 
fulfil  the  conditions  of  the  easel  that  it  appeared  preferable  to 
our  naval  authorities  to  sacrifice  that  precarious  advantage  to 
the  minor  effect^  which  may  be  obtained  with  greater  certainty, 
by  causing  the  shell  to  explode  on  striking  any  resisting  part  of 
the  body  of  a  ship. 

But  Greneral  Paixhans— considering  that  the  maximum  effect 
of  one  of  his  shells  is  £ur  more  destructive  on  a  ship  than  any 
percussion  or  concussioii  shell  can  possibly  be,  and  that»  should 
the  former  take  its  fbUest  effect^  it  would  prove  more  fittal  to 
the  ship  than  peifaaps  all  the  percussion-shells  that  might  be 
.fired  4kt  her — adheres  to  that  description  of  fuze  to  which  his 
system  is  indebted  for  its  success  ejcperimentally,  and  for  its 
ultimate  adoptum.  We  have  seen,  in  the  affiur  at  Sinope,  that 
the  Bussians  have  mudi  reason  to  be  satisfied  with  the  destruc- 
tiveness  of  such  shells ;  and  we  may  be  sure  that  they  will  be 
used  in  any  naval  action,  ship  against  ship,  and  likewise  from 
fortresses  and  other  landnlefenoes  against  fleets,  if  these  should 
be  so  indiscreet  as  to  attack  in  that  mann^  such  formidable 
positions :  and,  in  truth,  it  must  be  said,  that  in  any  encounter, 
large  ships^  particularly  threie-decked  ships  of  120, 181,  or  140 
guns,  are  marks  so  large  as  scarcely  to  be  missed,  even  at  con- 
siderable distances ;  that  their  fiames  are  so  thick  and  stout 
that  no  shell  could  pass  entirely  through  them;  and,  conse- 
quently, that  any  shell  which  hits  the  hull  will  lodge  in  her 
body,  and,  embedded  there,  will,  by  its  explosion,  produce  the 
destructive  and  terrific  effects  of  a  mine  sprung  in  her  interior.  - 

This  is  the  Paixhans  system,  as  stated  in  the  General's  original 
work,  and  in  the  subsequent  exposition ;  in  both  of  which  the 
essence  is  declared  to  be,  to  avoid  the  error  of  building  large 
ships,  and  the  equipment  of  any  ship  so  extensively  for  shell- 
firing  as  necessarily  to  expose  her  to  the  greater  risk  she  would 
thereby  run  of  bdng  set  fire  to,  or  blown  up,  by  her  own 
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weapons.  It  is  added  that  the  effects  of  this  system  apon  an 
enemy  consist  rather  in  the  destructive  powers  of  a  few  canons- 
obusiers,  in  comparatively  small  and  swift  vessels  drawing  little 
water,  than  in  accumulating  many  in  the  same  huge  ship.  Into 
these  extremes,  however,  both  France  and  England  have  rushed, 
but  England  furthest,*  in  rivalry  to  each  other :  out  of  so 
expensive,  dangerous,  and  extravagant  an  extreme,  both  may 
hereafter  have  occasion,  if  the  General  is  rights  to  retrace  their 
steps. 

316.  Adverting  to  what  General  Paixhans  has  stated  in  his 
original  work,  and  in  the  letter  above  referred  to,  there  can  be 
no  doubt  that  there  will  now,  more  than  ever,  be  reason  to . 
dread  the  ignition  of  ammunition  circulated  or  circulating  on  the 
fighting-decks  of  ships  in  action.  Numerous  instances  may  be 
found  in  naval  history  (James'  *  Naval  History,'  vol.  ii.  p.  245,** 
and  in  many  other  places)  of  the  explosions  of  powder  on  the 
fighting-decks  of  ships  in  action,  and  of  the  panic  into  which 
those  explosions  threw  the  crews^  before  the  agency  of  live-shells 
was  introduced. 

The  danger  incurred  in  bringing  up  and  distributing  through- 
out  the  decks,  ammunition  and  shells  for  the  supply  of  all  the 
guns  of  a  ship,  must  hereafter,  irrespective  of  other  perils,  be 
greatly  increased,  and  is,  in  the  opinion  of  many  naval  officers 
whom  the  author  has  consulted  on  these  matters,  perhaps  more 
to  be  dreaded  than  the  accidental  explosion  of  shells.  This 
dictates  the  absolute  necessity  of  adopting  additional  precautions 
to  prevent  as  far  as  practicable  such  fearful  accidents ;  and 
assuredly  there  can  be  none  so  effectual  as  to  forbid,  as  in  the 
United  States'  service,  any  accumulation  of  shells  or  of  inflam- 


'  There  are  only  seven  ships  of  three  decks  afloat  in  the  French  navy,  and 
none  of  more  than  120  guns.  'ITie  lOO-gun  ship  on  three  decks  is  to  be  sup- 
pressed, and  no  three-decked  ships  are  being  built.  The  disadvantage  of  ships 
of  three  decks,  as  having  a  ballistic  force  not  much  more  considerable  than 
that  of  a  90-gun  ship,  the  expense  of  their  construction,  and  the  large  sur- 
face they  present  to  die  enemy's  projectiles,  are  strongly  urged  by  the  Frencli 
authorities. — *  L'Enqufite  Parlementaire.* 

**  "  In  the  action  between*  the  *  Ambuscade '  and  the  *  Baionnaise,'  an 
explosion  of  some  cartridges  took  place  on  board  the  British  frigate,  which, 
besides  the  panic  it  created,  badly  wounded  every  man  at  the  adjoining  gun, 
and  occasioned  so  much  confusion  that  she  was  immediately  boarded,  and, 
after  a  very  short  struggle,  captured." — James'  *2S'aval  History,'  vol.  ii. 
p.  245. 
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mable  or  combustible  bodies  on  the  fighting-decks  of  ships, 
which  may  be  exposed  to  the  chances  of  being  ignited  or 
exploded  by  shells  or  shot  striking  them.*  Paixhans  observes 
(*  La  Nouvelle  Force  Maritime/  p.  18)  : — "  C'est  \k  surtout 
qu'il  devait  y  avoir  opposition,  parce  que  Tobjection  principale 
consistait  k  dire,  qu'il  sera  dangereux  d'employer,  a  la  fois, 
beaucoup  de  projectiles  charges,  au  milieu  d'un  Equipage  nom- 
breux."  But  far  £rom  listening  to  the  proposition  that  this 
accumulation  should  be  forbidden  or  reduced,  it  has  by  a  late 
regulation  been  greatly  increased  (Art  283,  Note). 

Lieutenant  Jeffers,  of  the  United  States'  Navy,  says,  in  his 
.  treatise  on  the  *  Theory  and  Practice  of  Naval  Gunnery,'  New 
York,  1850,  p.  174,  that  "  No  accumulation  of  shells  in  the  bat- 
teries should  be  allowed,  since,  if  struck  by  a  shot  they  will 
explode,  and  cause  great  damage;  for  the  shock  occasioned 
by  the  stroke  of  a  shot  on  iron  develops  a  heat  so  greats  that 
the  pieces  cannot  be  held  in  the  hand,  and  their  blue  colour 
indicates  that  the  temperature  has  been  raised  to  about  600°, 
the  point  at  which  powder  ignites.  K  a  loaded  shell  be  struck 
by  a  shot,  the  heat  developed  may  ignite  the  charge,  and  cause 
a  most  disastrous  esplodion" — an  awful  fact,  which  has  since 
been  fully  established. 

317.  It  is  enjoined  in  our  regulations  for  conducting  shell- 
firing,  that  the  greatest  possible  care  should  be  taken  to  expose 
shells  as  little  as  possible  to  the  chance  of  being  struck  by  shot; 
for  which  reasons  the  shells  which  are  placed  on  the  fighting- 
decks  for  the  service  of  the  guns  are  directed  to  be  stowed  on 
shelves  behind  the  beams,  because  in  that  position,  they  can 
only  bo  lilt  by  shot  coming  in  at  right  angles  to  the  keel !  (Art 
287,  and  the  *  Regulations  for  SheU-firing').  Should  a  shell  be 
struck,  though  it  might  not  explode  with  full  force,  yet  the 
ignition  of  the  charge,  which  is  the  immediate  result,  must  pro- 
duce, as  Lieutenant  Jeflfers  says,  the  most  disastrous  results. 
Can  it  be  detrimental  to  state  these  facts  and  opinions  ?  Are 
they  known  to  the  ofiScers  of  the  British  Navy  ?     Is  it  not  right 


•  See  the  letter  of  General  Paixhans  above.  The  *  Times/  with  its  usual 
vigilance,  has  thrown  out  the  subject  of  that  letter  for  consideration ;  and 
certainly  it  most  nearly  concerns  us,  who  have  such  immense  ships  as  the 
'*  Duke  of  Wellinjrton,"  **  Prince  Albert,"  &c. 
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that  these  warnings  should  be  given  ?  To  conceal  from  ships' 
companies,  and  from  the  coimtry.  any  danger  which  ^seamen 
must  face, — in  the  new  and  pecnliar  system  of  warfare  iu  which 
they  are  engaged,  but  have  not  yet  experienced,  and  in  which 
the  people  of  this  country,  of  every  class,  are  so  deeply  con- 
cerned, with  a  view  to  prevent  seamen  from  being  panic-stricken 
when  the  case  occurs  on  service,  and  to  avoid  alarming  the 
country,  by  suppressing  the  truth, — wUI  assuredly  produce  effects 
the  very  reverse  of  that  intended,  and  inevitably  give  ground 
for  the  outbreak  of  panic,  at  a  moment  wlien  it  ia  most  to  be 
feared — in  action.  Prepare  British  seamen  for  what  they  have 
to  expect,  and  must  face,  and  they  will  meet  it  like  brave  men. 
To  conceal  danger  from  them  is  to  treat  them  like  children 
whose  nerves  are  not  to  be  depended  upon  ;  and  when  the  truth, 
which  had  been  concealed  or  suppressed,  is  practically  disclosed, 
the  very  mystery  tJuit  has  been  attempted  will  magnify  the 
danger,  and  surprise  the  men  into  a  panic  whicli  it  wUl  not  be 
easy  then  to  allay.  This  will  act  disadvautageously,  not  only 
immediately  on  the  ship's  company  actually  serving,  but  on  the 
people  of  this  country  in*  general,  who  appear  to  be  kept,  by 
this  policy  of  concealment,  totally  ignorant  of  the  true  character 
of  the  new  system  of  naval  warfare,  and  for  which  they  likewise 
should  he  prepared. 

It  is  no  doubt  wise,  prudent,  and  even  necessary,  to  conceal 
the  destructive  effects  which  may  be  produced  on  a  foe,  by  the 
discovery  and  introduction  into  the  service  of  any  new  weapon 
of  war,  so  to  reserve  to  ourselves  the  initiative,  and  the  exclusive 
use  of  the  new  arm  (although  the  French  did  not  so  with  respect 
to  the  Paixhans  system,  nor  can  anything  of  a  practical  descrip- 
tion be  kept  secret  in  these  times) ;  but  when  the  subject  of 
expt?riment  is  to  ascertain  how  far  the  new  weapon  or  system 
may  be  used  with  safety  to  ourselves,  or  the  reverse,  the  results 
should  be  divulged  to  the  profession  at  large,  to  enable  them  to 
understand  the  nature  and  extent  of  the  danger,  and  if,  upon 
a  foil  consideration  of  the  facts  of  the  case,  it  should  be  decided 
that  the  danger  is  unavoidable  and  must  be  encountered,  brave 
t  with  the  advantage  of  being  well  prepared  to 


face  it. 

Had  the  facts  which  t 


'  fully  proven,  here  and  else- 
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where,  been  established  and  as  well  known  before  the  shell 
system  was  carried  to  its  present  dangerous  extent,  it  is  impos- 
sible that  it  should  have  been  permitted  to  go  so  far,  at  least 
without  a  positive  prohibition  against  placing  live-shells  any- 
where on  flie  fighting-decks  of  ships  in  action.  Let  not  the 
reader  imagine  that  this  is  the  first  announcement  of  danger  to 
the  users !  It  was  first  declared  before  a  select  committee  of 
the  House  of  Commons  in  1849,*  as  the  then  First  Lord  of 
the  Admiralty  well  knows,  in  answer  to  some  questions  pro-^ 
pounded  by  Sir  James  Graham,  namely,  that  "in  order  to  con- 
duct with  safety  the  dangerous  service  of  shell-firing  on  board 
ships,  which  has  of  course  greatly  increased  the  chances  of  a 
ship  being  set  fire  to  in  a  general  action,"  it  was  necessary  to 
send  every  filled  shell  on  board  in  a  wooden  box,  and  to  provide 
stores  and  implements  (metal  screw-fuzes)  for  shell-firing.  This 
fearful  announcement  greatly  strengthened  the  apprehensions 
entertained  by  the  author  and  by  many  British  officers  and 
seamen,  of  the  perils  incidental  to  shell-firing — perils  which  it  is 
neither  possible  nor  prudent  to  attempt  to  deny. 

SI'S.  The  dangers  incidental  to  shell-firing  having  thus  been 
declared  by  authority 'several  years  ago,  but  the  causes  and 
amount  of  the  danger  never  having  been  fully  examined  and 
ascertained,  the  author,  rather  tardily  perliaps  than  otherwise, 
proposes  to  examine  in  what  the  danger  consists; — ^whether 
"sending  shells  on  board  in  separate  boxes,  with  the  expensive 
implements^'  above  alluded  to,  which  the  select  committee  were 
led  to  believe  would  be  found  effectual  safeguards  against  the 
accidental  explosions  of  shells,  have  proved  so — ^what  is  the 
amount  of  danger  to  the  users — what  the  chances  of  accidental 
explosions  taking  place — the  eflFects  prpduced  by  the  bursting 


•  "  Question  5075. — The  change  of  the  armament  introduced  a  variety  of 
expenses,  which  have  added  annually  to  the  Ordnance  vote  ;  amongst  them 
are  the  stores  necessary  for  firing  shells  horizontally,  and  the  implements 
necessary  for  conducting  that  dangerous  service  safely  on  board  ship.  We  are 
obliged  to  send  every  filled  shell  on  board  in  a  wooden  box.  Of  course  this 
I'mptoyment  of  shells  has  greatly  increased  the  chances  of  a  ship  being  set  fire  to 
in  a  general  action. 

"  it  lias  been  necessary  to  substitute  leather  boxes  for  that  purpose,  having 
a  cap  fitting  so  tightly  that,  in  the  event  of  the  powder-boy  being  killed,  the 
box  mi^lit  roll  about  the  deck  without  a  chance  of  the  powder  being  ignited 
by  the  biirstin;^  of  shells  near  it." — *  Second  Kei)ort  on  Army  and  Ordnance 
KxiHMKliliuo/  1840,  p.  325. 
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of  a  shell  on  the  fighting-decks  of  a  ship,  its  consequences, — 
and  whether  by  any,  and  what  means,  those  dangers  might  be 
obviated,  abated,  or  avoided. 

The  danger  of  the  entire  explosion  of  a  ship — and  particularly 
of  a  large  ship — ^by  the  accidental  ignition  of  her  own  ammu- 
nition, or  by  the  explosion  of  her  own  projectiles,  having  been 
publicly  declared  and  widely  circulated,  on  the  authority  of  the 
great  originator  of  the  system  of  horizontal  shell-firing  (which 
we  have  imitated  in  principle,  and  far  surpassed  in  degree),  as 
a  warning  of  danger  to  his  countrymen,  to  which  no  doubt  they 
will  listen,  and  endeavour  as  much  as  possible  to  avoid — ^inclines 
the  author  to  think  that  General  Paixhans'  opinion  and  advice 
demand  the  most  serious  consideration  from  all  who  are  inter- 
ested in  the  British  Naval  Service.  The  multiplicity  and  accu- 
mulations of  incendiary  and  explosive  projectiles  on  the  %hting- 
decks  of  our  ships,  the  system  of  shell-firing  from  all  natures  and 
descriptions  of  ordnance,  and  the  inordinate  magnitudes  of  ships, 
not  only  exceed  what  General  Paixhans  proposed  in  his  original 
work  (*La  Nouvelle  Force  Maritime'),  but  even  surpass  the 
extent  to  which  subsequent  French  naval  administrations  have 
assumed  the  responsibility  of  transgressing  his  proposition ;  and, 
consequently,  we  are  more  likely  than  they,  or  any  other  naval 
power,  to  incur  the  risk  of  such  a  catastrophe  as  that  which 
General  Paixhans  has  darkly  foreshadowed. 

319.  The  author  has  stated  in  the  third  edition  of  this 
work  (page  270  and  the  Note),  that  M.  Paixhans'  original  pro- 
position was  to  apply  the  canon-obusier  to  a  small  extent  only 
in  the  naval  service.  The  commission  appointed  by  the  Minister 
of  Marine,  to  witness  and  report  upon  the  experiments  of  1821, 
approved  of  Colonel  Paixhans'  new  and  powerful  canon-obusier 
of  80,  and  reported  that  it  was  well  adapted  to  become  the 
armament  of  small  vessels  (as  a  pivot-gun),  but  that  the  intro- 
duction of  sheU-firing  into  the  naval  service  would  require  the 
utmost  precautions  to  prevent  the  many  fearful  accidents  which 
might  arise  from  the  use  of  live-shells  on  board  a  ship,  and 
therefore  recommended  that,  if  introduced  into  ships  of  the 
line,  it  should  be  in  very  limited  numbers. 

In  1824,  the  Minister  of  Marine,  unwilling  to  carry  into  efibct, 
on  his  sole  responsibility,  the  recommendation  of  the  Commis- 
sion of  1821,  nominated  another,  the  members  of  \<ilvicJa.  ^^x^  \» 
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revise  its  Bepoarti  and  to  state  their  own  c^iuiioa  and  decision.^ 
Both  reports  were  then  referred  to  the  Gomiti  Consaltatif  de 
la  Marine^  with  a  series  of  qnestions  npon  them ;  to  these  the 
ComitS  replied,  npon  the  sobjeot  of  danger,^  that  no  possible 
precaution  oonid  altogether  snffioe  to  prevent  e£fectaa]ly  the 
most  dangerons  oonseqnences  if  the  use  of  canonM  h  lombeB  and 
live  shells  should  be  ertended  generally  to  every  deck  of  a 
ship ;  bnt^  bemg  of  opniian*'  tibat^  if  the  number  of  those  guns 
were  limited  to  two^  or  at  most  four,  placed  only  on  the  lower 
deck,  and  near  to  the  shell-xoom,  the  dangers  would  be  compa- 
ratively small,  the  Comiti  consented  to  this  limited  arrangement. 
Upon  the  question  of  magnitude  of  vessels,  they  stated  that^  as 
large  ships  in  whkh  great  nnmbeors  of  men,  guns,  shells,  and 
quantities  of  ammunition  weie  oonoentratied,  would  be  exposed, 
in  proportion  to  their  sin^  to  the  chances  of  a  deflagration 
gMral,  or  whb  §aBpbmm  miAr$t  therefore  the  Comity  recom- 
mended that  oompamfeively  amall-vessels  should  be  introduced 
in  place  of  laige  ones.  The  reader  will  have  perceived  that  the 
adoption  of  a  oomtrary  measure  in  France  has  produced  General 
Faizhans' severe  condemnation  of  the  eirar.  These  limitaticms 
and  regulations  for  the  safe  custody  cC  4^118^  were  (as  may  be 
seen  by  referring  to  Section  No.'16  of  jG^eneral  Fluzhanaf  work, 
page  85,^  where  the  danger  wUbh  sheUHOined  vessels  wiU  incur 
from  the  ezpLosion  of  their  own  shells  is^paiuted  oat)  framed 


'  Rapport  ftit  sor  Iflspnmitew  ezp6i011oe1.de  Bveet,  en  Jsuyier.  182^  jper 
une  oommUmoii  oompoeee  det  chefii  Bapdileiusde  knianne,  du  g6i£eniantmie 
et  de  I'artiUerie^-wPMKAcmi^  p.  41. 

Signtf  de  MIL  le  Y SoflhAnuial  Oomte  de  Ooardon,  oamiTumdent  la  marine 
^  Brest;  De  Kerlerec,  m^or-g&i^al  de  la  marine;  Geoffroi,  directeur  dea 
constructions  nayales;  D'HerB,  direotear  da  pent;  Godebert,  directeur  de 
Tartillerie ;  Lemannit,  Lahalle,  GoSroy  et  Tooffet,  capitaines  de  vaisseau ; 
Simon,  sous-directeur  des  oonstructions ;  Gtfrodias,  soua-directeur  de  Tartil^ 
lerie;  Gicquet  des  Tooches,  sons-directear  du  port;  Lettr^,  De  Rossy, 
Gouhitte,  et  Demar^  capitaines  de  fr^ate. — PaixkoM^  p.  44. 

^  Avis  du  Gomit^  Gonsoltatif  de  la  Marine;  Nouvelles  experiences 
ordonn^s,  plus  ^tendues  que  les  prMdentea. — Paiaikans^  p.  47. 

<>  Bapport  fait  BUT  les  secondes  experiences  de  Br^  en  Septembre  et 
Octobre  1824,  par  une  commission  composee  des  chefs  sup^rieurs  de  la  marine, 
du  g^nie  maritime  et  de  I'kuiillerie. — Paiachans^  p.  67. 

Signe  de  MM.  le  Gontre-Amiral  Bergeret,  p^dent  de  la  commission ; 
le  Colonel  Godebert,  directeur  de  Partillerie  navale ;  Lassale,  Russel,  et  B^hic, 
ciipitaines  de  vaisseau;  Simon,  sous-diiecteur  des  constructions  navales; 
Gerodias,  soua-directeur  de  I'artiUerie  navale ;  Longueville  et  Pasquier,  capi- 
taines de  frigates. — Paustoit,  p.  59. 

**  Obeervations  sur  le  danger  que  pourront  courir  nos  vaisscaux  \r9X  les 
bombes  qu'ils  emploieront  eux-m^es.-*PaM;Aa>ts,  p.  84. 
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expressly  to  prevent  the  recurrence  of  such  awfiil  catastrophes 
as  those  which  occurred  on  board  the  "Theseus"  (Art.  285, 
Note),  which  produced  a  prodigious  sensation  at  the  time,  though 
she  was  no  longer  a  French  ship :  such  also  as  the  explosion 
which  took  place  in  a  French  ship  at  Aboukir ;  the  burning 
of  the  "  Formidable,"  which  took  fire  in  the  poop  in  the  combat 
oflf  the  island  of  Groix,  in  1795,  from  the  explosion  of  shells,  by 
which  she  was  disabled  and  obliged  to  surrender,  with  the  loss 
of  220  men  out  of  a  crew  of  666 ;  and  lastly,  the  blowing-up 
of  a  French  ordnance  store-ship,  containing  quantities  of  live- 
shells.  All  these  accidents  were  ascribed  to  want  of  prudence 
in  the  safe  custody  and  stowing  of  shells,  and  particularly  to 
exposing  them  on  deck,  "  autour  des  canons  ;"  which  accidents, 
a  strict  observance  of  the  foregoing  regulations  and  precautions, 
it  »  asserted,  would  have  eflfectuaUy  prevented :  relying  on  the 
efficacy  of  those  regulations,  we  adopted  them ;  but  they  have 
since  been  either  rescinded  or  violated,  both  in  the  French  and 
in  the  British  service,  and  thereby  the  dangers  said  to  have 
been  extinguished  are  reproduced  and  reactivated. 

The  Academy  of  Sciences  was  consulted  on  the  whole  of  those 
proceedings,  and  reported  theii-  concurrence  in  the  views  taken 
by  the  Commissions  and  Comites  Consultatifs,  to  which  the  pro- 
fessional questions  had  been  referred.* 

By  decree  of  1838,  in  conformity  with  the  Reports  and  recom- 
mendations of  the  Commissions  and  Comites  Consultatifs,  as 
stated  in  the  previous  pages,  the  introduction  of  canons-obusiers 
into  line-of-battle  ships  was  limited  to,  at  most,  four ;  these  to 
be  placed  on  the  lower  deck,  and  near  to  the  shell-room ;  and 
the  like  limitation  was  long  observed  in  our  service,  with  respect 
to  the  analogous  and  equivalent  pieces  of  ordnance,  the  8-inch 
shell-guns.  But  since  1838,  successive  French  naval  adminis- 
trations, regardless  of  the  limitations  prescribed  by  the  com- 
missions of  1821,  1824 — in  defiance  of  the  injunctions  of  the 
Comity  Consultatif,  and  of  the  decision  of  the  Minister  of  Marine, 

•  Rapport  fait  a  TAcad^mie  des  Sciences  et  approuv^  par  elle  le  10  Maf, 
1824. — raixhavSf  p.  45. 

Signe  de  MM.  le  Baron  Vane,  ancien  inspecteur  g^n6ral  des  constructions 
navales ;  De  Rosse,  contre-amiral ;  De  Roni ;  Marquis  de  La  Place ;  Ic 
Mar^chal  Due  de  Raguse,  rapporteur ;  et  Ikron  Fourier,  secretaire  periJ^tiul 
Ao,  rAcade'mic  i»our  Ics  Sciences  Math^matiqucs. — Paijrh'tnSf  p.  40. 
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by  whom  those  reconunendations  were  approved  and  confirmed, 
liave  sanctioned  the  great  augpientations  decreed  by  the  rega- 
lations  of  1848,  1849,  and  subsequently,  in  the  number  of 
canons-obusiers  assigned  for  the  armament  of  the  French  navy.* 
These  augmentations,  with  the  increased  magnitude  of  ships, 
and  other  extensions  which  General  Paixhans  disowns  having 
had  any  share  in  promoting,  and  against  which  he  now  remon- 
strates, we  on  this  side  of  the  water  have  far  exceeded.  See 
Armament  of  the  British  Navy,  as  regulated  in  July,  1848^ 
Appendix  C,  4th  Edition,  compared  with  what  it  is  now 
(18G0),  Appendix  E. 

It  was  hot  the  author's  intention  to  open,  or  even  to  touch 
upon,  this  delicate  subject  on  the  present  occasion,  farther  than 
lie  has  already  done  in  the  third  edition  of  this  work  (Article 
246  et  seq.  of  that  edition),  but  the  whole  of  this  question 
having  been  opened  by  the  distinguished  originator  of  the  shell 
system ;  and  concurring  entirely,  as  the  author  does,  with  him 
as  to  the  great  perils  which  he  apprehends  from  such  an  exten- 
sion of  the  armament  and  magnitude  of  ships,  he  has  been 
induced  to  express  himself  strongly,  in  the  hope  that  the  threat- 
ened danger  may  be  diminished  by  attrition  in  high  quarters 
to  the  advice  or  General  Paixhans,  and  the  suggestions  which 
the  author  has  long  since  ventured  respectfully  to  offer. 

With  respect  to  the  remark  of  General  Paixhans,  in  his  recent 
paper,  that  the  more  the  weapons  of  war  are  rendered  powerful, 
the  less  are  battles  destructive  of  human  life,  the  author  wishes 
to  observe  that,  however  this  may  be  true  of  the  number  of  men 
killed  or  wounded  in  actual  conflict,  it  is  not  so  of  incendiary 
warfare,  whether  practised  against  ships  or  towns :  it  was  not 
so  at  Siuope,  and  will  not  be  so  in  like  circumstances  hereafter. 
The  loss  of  life  which  will  take  place  when  incendiary  projectiles 
me  employed  cannot  but  be  far  greater  than  on  any  occasion  in 
ancient  warfare.  War  may  be  made  suflSciently  costly  to  deter 
jiations  from  entering  into  it,  unless  when  forced  to  do  so  by 


*  It  will  Ihj  i)erceiveJ,  on  referring  to  the  ref^ulation  for  the  armament  of 
tlie  French  navy  (Appendix  C,  4th  Edition),  that  this  limitation  was  strictly 
observed  in  the  decrees  of  1824,  1838 ;  relaxed  in  that  of  1848 ;  further 
iviaxcd  by  the  decree  of  1849,  and  subsequently  still  more  ?o  l«y  extending 
slieil-tirin^  to  30  and  36  launder  guns  as  well  as  canons-obusiers. 
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• 

(nrcQinstances  similar  to  those  in  which  this  nation  was  lately 
placed ;  but  it  may  be  rendered  effectoal  without  being  entirely 
merciless.  The  great  Nelson  prayed  that  humanity,  after  vic- 
tory, might  be  the  predominant  characteristic  of  British  seamen. 

320.  If  General  Paixhans  be  right,  in  stating  that  the  danger 
of  a  ship  being  blown  up  increases  in  proportion  to  the  number 
of  explosive  projectiles  and  the  quantity  of  inflammable  matter 
which  may  be  accumulated,  on,  or  in  circulation  throughout,  her 
fighting-decks,  the  author  cannot  be  wrong  in  asserting  that  the 
danger  will  be  lessiBued  in  proportion  as  the  causes  are  dimi- 
nished, and  consequently  that  the  danger  must  disappear  when  ' 
no  such  cause  is  present  This  being  so,  it  must  follow,  when 
a  ship  has  no  livenshells  stowed  on  her  fighting-decks  {mineSf  in 
fact,  ready  laid  to  her  enemy's  hands,  and  ever  ready  to  be 
sprung  by  the  blow  of  a  solid  shot  or  the  explosion  of  a  shell), 
and  is  so  armed,  in  the  main,  as  to  be  able  to  dpve  into  and  ' 
through  her  opponent  the  greatest  number  possible  of  solid  shot, 
in  the  least  time,  &om  guns  double-shotted^  at  distances  beyond 
the  reach  of  shell-guns  similarly  charged ;  that  such  a  ship,  all 
else  being  equal,  must  carry  the  day  over  any  vessel  armed  with 
much  heavier,  and  therefore,  in  proportion,  fewer  pieces  of  ord- 
nance for  shell-firing:  the  latter  vessel  must,  moreover,  have 
vast  numbers  of  live-shells  stowed  on  her  decks ;  she  will,  there- 
fore, have  to  contend  with  the  rapid  inpourings  of  her  enemy's 
solid  shot,  and  at  the  same  time  be  exposed  to  the  treacherous 
effects  of  her  own  projectiles. 

Upon  a  full  and  very  serious  consideration  of  the  danger, 
admitted  by  General  Paixhans  in  his  original  work,  and  the 
limitations  under  which  only  his  system  was  adopted  (as  stated 
in  the  preceding  article),  the  author  cannot  forbear  to  express 
his  opinion  that  no  shells  should  be  permitted  on  the  fighting- 
decks  of  a  ship  under  any  circumstances.  The  reason  for 
placing  complements  of  shells  on  the  fighting-decks  of  ships 
was,  to  enable  them  to  keep  up  quick  shell-fiiing  when  in  close 
action  with  ships.  But  it  is  seldom  the  case  that  in  such  actions 
there  is  not  time  to  bring  shells  up  as  quickly  as  necessary ;  and 
in  action  against  fortresses,  forts,  and  land-defences  faced  with 
hard-stone  walls,  neither  quick  shell-firing  nor  any  shell-firing 
will  be  required  from  the  broadside-batteries  of  ships  (see  Art. 
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355,  et  seq.)y  thongh  howitzer  or  horizontal  shell-fuing  from  the 
pivot-gans  of  steamers,  against  troops,  or  for  enfilading,  or  for 
incendiary  purposes,  and  mortar-shells  from  bomb-ships,  will 
always  be  important  adjuncts  in  the  attack  of  fortresses  and 
arsenals. 

321.  It  appears  from  what  is  stated  in  the  proceedings  of, 
and  the  evidence  taken  before  the  French  Parliamentary  Com- 
mittee (rUnquite  Parlemmtaire)  that  French  naval  officers  are 
becoming  very  sensible  of  the  fiact^  that  they  have  overloaded 
their  vessels  with  armaments  which  exceed,  in  the  aggregate,  the 
just  proportion  which  should  be  maintained  between  the  total 
weight  of  metal  and  other  material  forming  the  armament,  and 
the  displacement  of  the  ship ;  and  consequently  affecting  preju- 
dicially her  stability  and  speed.  That  they  have  augmented  the 
weight  of  armament  for  these  ships,  to  extents  disproportioned 
to  the  *' developpements  relatifs  de  leur  carfene."  That  they 
have  not  only  overloaded  their  ships  with  too  much  weight  of 
metal  in  the  aggregate,  but  have  introduced  ordnance  of  such 
surpassing  weighty  individually,  as  to  have  reduced  the  number 
of  guns  beneath  that  which  ships  should  carry,  in  relation  to 
their  tonnage*  That  displacing  a  superior  number  of  guns, 
(30-pounder8  No.  1),  by  a  smaller  number  of  caiu>y»-o6ii«ter«,  far 
from  adding  to  the  teeX  battle^power  of  a  ship,  detracts  from  it 
'  The  number  of  hits  or  impacts,  all  else  being  equal,  will  be  pro- 
portionally greater  when  the  armament  consists  of  30-pounder 
guns,  than  when  eancns-^iburierB  are  used  instead  of  those ;  that 
30-pounder  shot  have  force  sufficient  to  penetrate  the  side  of 
any  ship,  even  when  two  shots  are  fired ;  Ihat  firing  two  shots 
from  can(m9'0bu9ier9  of  80  is  interdicted ;  that  the  principal  and 
most  decisive  battle-power  in  close  action,  is  the  faculty  of 
pouring  into  an  enemy's  ship  a  sui^erior  number  of  solid  sliot 
in  the  least  possible  time ;  that  the  use  of  solid  shot  should 
therefore  be  the  rule,  shell-firing  the  exception;  that  a  single 
man  carunot  easily,  and  quickly,  put  into  a  gun  a  projectile 
larger  or  heavier  than  at  most  a  36-pounder ;  and  that  the  time 
required  for  loading  heavier  guns,  even  with  increased  gun- 
crews, becomes  greater  in  propoi-tion  as  the  weight  and  magni- 
tude of  a  projectile  increase :  these  disadvantages  are  exclusive 
of  the  n}>jections  to  all  chambered  guns  in  <|nic'k  firing.  *   Dc  la 
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Graviere  deulares :    "  C'est  &  eette  superiority  daus  lo  tir  que 
noiiH  fiussiona  tlO  attribuer  Iob  piuspart  de  nos  reverses  depuis 
1793 :   c'est  a  cette  grele  de  Imulets,  comme  I'ecrivait  Nelson, 
que  I'Aiigleterro  devait  alors  I'empire   absolu  des  mtjrs,  qu'il 
devait  lui-meme   la  victoire  d'Aboukir,  et   qu'il  allait   devoir 
celle  de  Trafalj^r.  .....  lis  jonchaient  uos  ponts  de  tradavres." 

(Vol.  ii.  pp.  175,  176.)  And  in  another  place  he  adds:  "Au- 
jourd'hui  meme,  en  effet,  oil  la  science  pyroteoluiique  a  fait 
d'immeusea  progres,  on  peut  se  demander  encore  si  les  bouletB 
crenx  m^ritent  bieu  reellement  reffrayante  reputation  qu'on  leur 
a,  faitfi,  et  hi  le  tir  plus  rapide  et  plus  sflr  des  projectiles  pleins 
n'est  point  toujoure  celui  dout  I'efficacit^  deiueure  le  mieux 
etablie."  (Vol.  i.  p.  i)Q.) 

These  views  and  opinions  coincide  so  "much  with  what  the 
author  had  previously  stated  iu  the  former  edition  of  tliis  work, 
and  has  now  more  expressly  enunciated  in  the  foregoing  article, 
that  he  may  be  excused  for  thus  availing  himself  of  the  important 
weight  of  opinions  coming  from  ao  experienced  and  eulightened 
a  body  of  men  of  science  and  experience,  on  the  other  side  of  the 
'Channel,  concurrently  with  those  of  many  persons  at  home.  But, 
before  quitting  this  part  of  his  subject,  he  is  onxioua  to  state 
explicitly,  tiiat  though  perhaps  it  may  be  generally  regretted 
that  ahell-firing  should  over  have  been  thought  of  for  the  naval 
service,  yet,  having  been  introduced  in  other  navies,  it  is  no 
longer  a  question  whether  or  not  we  should  adopt  it  likewise, 
Tlie  author  is  far  from  thinking  that  it  ought  to  be  abolished  in 
our  service  so  long  as  it  is  retained  in  others,  l^o  doubt  the 
burning  of  the  l^l^ki8h  squadron  at  Sinope  is  an  awful  proof  of 
the  destructive  effects  of  the  Faixhans  shell-practice,  and  may 
well  be  brought  against  any  proposition  for  the  rejection  of  that 
practice;  but  the  author  does  not  propose  to  relinqiibh  or  to 
enfeeble  that  system :  he  aflirma  it  in  principle,  but  condemns 
the  excesses  to  which  wo  have  carried  it.  Its  originator  dis- 
owns the  excesses,  and  the  author,  agreeing  with  hijn,  condemns  ■ 
them,  from  a  thorough  convictio'  '*'  to  which  they 

give  rise. 

322.  If  the  armament  of  the  iudi-  , 

cious  combination  of  shell -ei' 
fined  to  the  use  of  th 
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our  ships  would  be  depiiyed  of  none  of  their  real  battle-power, 
by  restoring  to  solidnghot  guns  the  exclusive  use  of  their  own 
missiles.  The  shell-power  of  a  ship  would,  by  such  a  wise  com- 
bination, suffice  for  a  special  use  of  shells ;  there  would  be  no 
need  to  place  any  shells  on  the  fighting-decks,  and  there  would 
be  no  dMculty  in  providing  ample  space  for  stowing  them  in 
shell-rooms ;  whilst  by  restoring  to  solid-shot  guns  the  use  of 
projectiles  suited  to  Hieir  yery  natures,  the  danger  of  placing 
multiplicities  ci  shells  on  the  fighting-deck  for  their  use,  would 
be  entirely  ayoided.  ^^If  it  were  proposed,"  observes  the  Comity 
Consultatif  de  la  Marine,  pp.  49,  60,  ^to  give  hollow  projectiles 
to  a  hundred  pieces  of  ordnance  on  board  a  ship,  the  precautions 
to  be  taken  would  be  numerous,  and  the  danger  would  be  diffi- 
cult to  avoid ;  but  it  is  proposed  to  have  ovij  four  or  six  canons 
h  bombesy  which,  being  placed  on  the  lower  deck,  can  be  supplied 
with  their  shells  by  conyeying  these  last  a  short  distance  only ; 
and,  though  powerful  guuEf,  being  few,  they  will  require  but  a 
moderate  quantity  of  ammunition."*  Yet  we  have  vastly  mul- 
tiplied the  number  of  shell-guns,  and  thus  we  persist  in  braving 
the  dangers  against  which  these  warnings  are  pronounced,  and 
have  hurried  on  the  French  to  do  the  like.  The  difficulty  of 
providing  safe  stowage  for  many  hundreds  of  shells,  in  some 
cases,  in  shell-roomB  whose  heights  are  limited,  by  the  necessity 
of  keeping  their  tops  or  crowns  sufficiently  below  the  water-line, 
renders  it  necessary  to  add  to  their  length,  and  hence  has  arisen, 
in  a  great  degree,  the  costly  lengthening  df  ships,  to  enable 
them  to  stow  their  yast  complements  of  sheila  The  real  battle- 
power  that  would  be  restored  to  ships,  by  this  emancipation  of 
solid-shot  guns  from  the  obligation  to  use  shells,  consists  in  the 
superior  range,  accuracy,  and  penetrating  force  of  solid-shot 
gims,  in  their  superiority  for  firing  double-shot  (Arts.  261,  272), 
and  in  the  greater  number  of  guns  whicb '  yessels  so  armed 
would  carry  in  relation  to  their  tonnage ;  and  the  reader,  pur- 


*  "  S*il  s'agissait,**  observes  the  Comite  Consultatif  do  la  Marine,  pp.  49,  50, 
'^  de  donner  des  projectiles  creux  ^  cent  bouches  a  feu  du  liaut  en  bas  d'un 
vaisseau,  les  pr^utions  seraient  infinics  et  le  danger  dilBcilc  a  ^viter ;  mais 
il  nc  s'agit  ici  que  de  quatre  ou  six  canons  a  bombes,  qui,  ^tant  p1ac6s  dans  la 
battcrie  basse,  recevront  leurs  projectiles,  sans  longs  trajets,  et  qui,  ayant  une 
tr^s-grande  puissance,  n'auront  qu'un  approvisionnemcnt  peu  nombreux." 
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suing  the  argument  briefly  stated  in  the  third  edition  of  this 
work  (Arts.  246  to  248  of  that  edition),  and  given  at  greater 
length  above,  will  not  fail  to  arrive  at  a  just  conclusion. 

323.  It  is  a  great  step  in  the  right  direction,  and  is  quite  con- 
formable to  what  has  been  stated  above  in  this  work  (Art.  258, 
and  Note),  that  in  arming  the  "  Royal  Sovereign,"  the  number 
of  shell-guns  on  the  lower  deck  has'  been  reduced  to  ten,  the 
other  guns  on  that  deck  being  32-pounders  of  56  and  58  cwt., 
the  charges  for  which  are  10  lbs. ;  also  that  the  number  of 
shell-guns  on  the  middle  deck  is  limited  to  six,  the  other  guns 
on  that  deck  being  32-pounder8  of  50  cwt.,  with  charges  of 
8  lbs.  It  must  be  observed,  however,  that  the  32-pounders  of 
42  cwt.,  charge  6  lbs.,  and  32-pounders  of  25  cwt.,  charge  4  lbs., 
on  the  middle  and  upper  decks,  are  very  insufficient  ordnance 
either  for  distant  firing  or  for  close  action :  in  the  former  case, 
fix>m  want  of  extent  of  range  except  at  high  elevations ;  and, 
in  the  latter  case,  from  want  of  penetrating  power,  as  well  as 
from  their  incapacity  of  being  double-shotted. 

Exaggerated  statements  concerning  the  gunnery  power  which 
the  British  Navy  has  acquired  by  the  construction  and  arma- 
ment of  large  ships  of  war,  have  been  made  in  the  periodicals 
which  advocated  such  constructions.  It  has  been  asserted,  for 
example,  that  the  "  Royal  Sovereign "  may  at  every  discharge 
throw  4736  pounds'  weight  of  iron  with  certainty  against  any 
battery  half  a  mile  distant  from  her ;  and,  that  at  3000  yards 
every  shot  fired  from  her  would  take  effect  upon  a  frigate :  but, 
assuredly,  neither  the  32-pounder8  of  25  cwt.  nor  those  of  42  cwt 
could  effectively  take  part  in  such  feats.  Had  this  ship  been  a 
two-decker,  the  expense  of  construction  would  have  been  far 
less,  and  the  smaller  number  of  comparatively  inefficient  guns 
would  have  been  more  than  compensated  by  arming  the  decks 
throughout  with  guns  as  powerful  as  those  which  she  now  carries 
on  her  lower  decks  only. 

The  number  of  shots  that  were  found  sticking  in  the  sides  of 
line-of-battle  ships  after  actions  in  the  war  between  1793  and 
1814  has  since  been  used  as  an  argument  against  the  efficiency 
of  solid  shot,  and  in  favour  of  shells :  but  Simmons,  in  his  excel- 
lent work  on  the  effects  of  heavy  ordnance,  pp.  69,  70,  attributes 
this  most  justly  to  the  custom  of  double  and  treble  shotting  t^ 
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so  general;  and  the  author  has  shown  in  Art  262  that  this 
arose  in  some  eases  from  carrying  a  litfle  too  far  the  weU-known 
fact  that  by  reducing  the  charge  to  what  is  just  sufficient  to 
produce  penetration  through  the  side  of  a  ship,  the  ravaging 
and  splintering  effects  are  increased :  these  errors  will  prol^tbly 
exist  no  longer ;  but^  however  this  may  be,  if  solid  shots  have 
not  power  to  penetrate  under  the  circumstances,  still  less  could 
shells  or  hollow  shots  do  so. 

324.  When  it  is  unavoidably  necessary  to  fill  shells  on  board 
ship,  the  metal  fuze  should  be  carefully  brushed  and  luted  before 
it  is  put  in ;  the  shell  should  be  filled  by  means  of  a  funnel, 
taking  care  to  insert  its  orifice  below  the  screw  in  the  tap  of 
the  shell,  so  that  no  grains  df  powder  may  get  into  the  thread. 
To  guard  the  more  effectually  against  this  accident,  the  female 
screw  in  the  tap  ci  the  sheU  should  likewise  be  carefully  brushed 
out  before  the  fuze  is  introduced,  and  a  washer  of  parchment  or 
some  other  material  should  be  placed  under  the  collar  or  head 
of  the  faze,  that  there  may  be  no  contact  between  the  metals  of 
the  fuze  and  the  sheU. 

All  sea-servioe  shells  are  fixed  to  wooden  bottoms  by  straps  or 
bands  of  tin,  or  snaked  by  yarns  to  grommets  df  rope,  to  prevent 
the  shell  from  taming  in  setting  home ;  the  latter  is  the  more 
certain  expedient^  on  acoount  of  the  tin  straps  being  liable  to  be 
broken,  or  injured  by  damp. 

325.  Fuzes  should  be  frequently  examined  to  see  that  their 
caps  have  not  become  so  corroded  as  to  be  immoveable,  but  it 
must  be  remarked  that  this  can  be  safely  done  only  by  putting 
the  shell  wbose  fuze  is  to  be  so  examined  into  a  gun  previously 
loaded  with  a  few  ounces  of  powder — ^the  range  to  the  front, 
riglit  and  left,  being  clear.  The  cap  may  then  be  screwed  off 
safely  with  the  instrument  proposed  by  Captain  Nott,  a  brass 
wrench  supplied  for  that  purpose ;  the  same  instrument  is  used 
for  fixing  liie  fuze  in,  and  withdrawing  it  from  the  shell ;  the 
men  who  turn  the  instrument  keeping  well  within  it  and  the 
sliell ;  and,  in  the  event  of  the  fiize  igniting,  the  shell  would  be 
blown  out  of  the  gun. 

The  examination  of  percussion-fuzes  will  be  still  more  perilous, 
but  at  the  same  time  more  necessary;  for  the  deteriorating 
effects  produced  by  vicissitudes  of  climate  and  temperature,  and 
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by  sea-damp  on  the  chemical  compounds  contained  in  those 
shells  when  long  stowed  in  a  ship,  have  not  yet  been  ascertained. 
To  tamper  with  such  explosive  bodies,  by  opening,  examining, 
renewing,  and  replacing  them  on  board  ship,  should  not  be 
permitted  on  any  account ;  ^  and  there  only  remains  to  be  tried 
the  effect  of  firing  them  against  rocks  or  other  resisting  masses. 
This  may  not  always  be  convenient  or  possible,  and  at  best  will 
only  show  whether  or  not  the  shells  fired  have  been  efficient :  it 
wiU  not  show  that  aU  those  in  the  ship's  store-rooms  will  prove 
so  thereafter;  and  failures  not  unfrequently  occur,  even  with 
new  made  percussion-fuzes. 

326.  In  the  experiments  of  1853,  several  8-inch  shells  were 
found  to  have  struck  the  object  without  exploding ;  some  stuck 
in  the  side  of  the  hulk ;  others  passed  through  the  wood,  which 
was  unsound,  the  shock  not  having  been  sufficient  to  produce 
the  explosion.  An  8  or  10  inch  shell  passed  through  the  near^ 
side,  and  struck  an  iron  bolt  on  the  opposite  side,  yet  did  not 
explode,  the  percussion-fuze  being  found  entire.  Thus  those 
projectiles  failed  as  shells,  and  did  not  even  succeed  as  shots. 
Had  those  shells  which  stuck  in  the  sides  or  lodged  in  the  body 
of  the  hulk  been  fitted  with  time-fuzes,  the  effect  of  their  explo- 
sion would  have  been  the  greatest  possible.  Many  of  Moorsom's 
fuzes  were  picked  up  entire  and  iminjured  amongst  numerous 
splinters  of  shells  after  the  experiments  had  been  made.  The 
old  hulk  the  "York"  was  no  doubt  very  much  riddled  and 
ravaged  by  these  experiments ;  but  she  was  not  burnt,  which  she 
must  have  been  by  even  one  such  shell  as  that  mentioned,  or  by 
one  or  two  of  the  shells,  having  time-fuzes,  which  were  planted 
in  the  "Prince  George"  in  the  experiments  of  1838. 

327.  It  is  now  of  vast  importance  to  the  naval  service  of  this 
country  that  a  series  of  experiments  should  be  undertaken  in 
order  to  establish,  if  possible,  the  following  points : — 1st.  What 
are  the  effects  produced  on  the  sides  of  a  ship  by  firing  against 
them  shells  with  different  degrees  of  velocity  ? — for  example,  at 


■  "  An  awful  explosion  took  place  in  the  laboratory  at  Rochefort,  in  1851, 
in  preparing  the  implements  for  shell-firing,  in  which  a  mattre-d'artificiers  and 
several  men  were  killed ;  and  a  similar  accident  at  MauvilloD.' 
seamen-gunners  perished." — '  L'finqudte  Parlementair^'  voL  J 
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short  ranges,  with  fall  charges;  at  medium  ranges  and  with 
medium  charges;  and  at  long  ranges  with  reduced  charges. 
2ndly.  At  what  time,  and  where,  would  the  bursting  take  place  ? 
3rdly.  At  what  ranges  and  with  what  velocities  would  the  shell 
explode  by  the  concussion  without  penetrating  at  all  into  the 
timber?  and  must  the  .blow  be  yery  slight  to  have  this  effect ; 
that  is,  to  render  the  shell  harmless  ?  The  following  facts  may 
be  considered  as  affording  answers  to  some'  of-  the  above  inqui- 
ries ;  and  may  be  of  use  in  regulating  the  charges  of  powder  in 
shell-firing  against  shipGL  At  1250.  yards,  10  lbs.  of  powder 
drove  an  8-inch  shell  through  one  side  and  lodged  it  in  the 
further  side  of  a  line-of-battle  ship  at  the  lower  deck;  with 
8  lbs.  of  powder  an  8-inch  shell  perforated  the  first  side  and 
rebounded  from  the  other.  At  900  yards,  with  charges  of  8  and 
10  Iba  of  powder,  8-inch  shells  passed  through  the  first  side  and 
lodged  in  the  second.  At  600  yards,  with  charges  of  7.  and 
8  lbs.  of  powder,  8-inoh  shells  just  perforated  both  sides  and 
then  dropped  At  600  yards,  an  8-inch  shell,  with  a  charge  of 
51bs.of  powder,  passed  through  the  first  and  lodged  in  the  second 
side.  At  800  yards,  with  ohaiges  of  7  and  8  lbs.  of  powder, 
8-inch  shells  perforated  both  ades  and  buried  themselves  in  the 
butt.  With  hollow  shot»  plugged,  of  56  lbs.,  and  a  charge  of 
10  lbs.  of  powder,  at  1250  yards^  the  shot  passed  through  the 
first  side  and  buried  itself  in  the  second.  With  12  lb.  charges 
(now  abandoned)  shells  frequently  burst  in  a  gun,  or  at  its 
muzzle. 

In  May,  1853,  at  the  request  of  the  Special  Committee  of 
Artillery  Officers,  six  32-ponnder  shells,  and  six  8-inch  shells, 
all  fitted  with  Freebum's  concussion-fuzes,  were  fired  from  the 
" Excellent "  at  the  "York "  hulk,  at  1200  yards'  distance,  when 
the  following  results  were  obtained: — ^Every  shell  struck  the 
hulk :  of  these  10  burst  immediately ;  one  struck  an  iron  knee 
and  broke,  and  one  did  not  burst  There  was  no  premature 
explosion ;  the  trial  was  therefore  very  satisfactory,  and  it  was 
recommended  that  some  fuzes  of  the  same  kind  should  be  made 
at  the  Royal  Laboratory,  in  order  to  be  preserved  there  -as  pat- 
terns for  fiiture  constructions. 

328.  It  has  hitherto  been  generally  supposed  that  the  fre- 
quent bursting  of  shells  in  or  near  the  muzzles  of  guns,  when 
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impelled  by  large  charges,'  arose,  in  common  skellB,  from  the 
dislocation  of  the  composition  contained  in  the  fiize,  and  parti- 
eulorly  in  short- time  fuses  ;  and  with  respect  to  Shrapnel  shells, 
in  which  it  is  moat  essential  that  large  charges  should  be  used, 
the  premature  explosions  which  frequently  take  place  were  sup- 
posed to  be  due  to  the  same  cause.  It  was  to  determine  this 
point  that  a  committee  was  appointed  ia  make  experiments  and 
report  upon  those  failures.  ITie  committee  recommended  that 
the  service-charges  for  spherical  c*se-shot  should  be  considerably 
reduced;  this  measure,  having  been  approved  and  adopted,  has, 
by  so  much,  deprived  that  description  of  shell-firing  of  the  essen- 
tial cause  of  its  efficiency.  But  it  waa  surmised  by  many,  and 
firmly  believed  by  the  author,  that  those  premature  explosions 
neither  arose  from  dislocations  of  the  short  column  of  composi- 
tion in  the  fuze,  nor  from  the  friction  of  the  bullets  on  the 
bursting-charge  contained  in  the  shell,  in  the  interstices  between 
the  balls ;  for  it  has  been  recently  proved  that  sheila  without 
fuzes,  the  taps  stopped  with  iron  plugs,  explode  at  or  near  tiie 
muzzle  of  the  gun  when  fired  with  large  charges  ;  and  the  fric- 
tion of  the  bullets  on  the  powder  (which  is  effectually  prevented 
in  Captain  Boxer's  fuzes)  can  scarcely  be  the  cause  of  the  explo- 
sion, because  friction  c(innot  have  had  time  to  produce  the  heat 
required  to  ignite  the  bursting-charge  on  the  shell  issuing  from 
the  gun,  although  it  might  do  so  in  the  course  of,  and  near  tlio 
end  of  its  flight,  from  the  grinding  of  the  powder  by  the  balls. 
It  may  therefore  be  surmised  that  the  explosion  of  the  shell  at 
the  instant  of  firing  can  arise  from  no  other  cause  than  that 
gunpowder  is  explosive  by  percussion,  and  that  the  bursting- 
charge  is  exploded  by  the  shock  of  discharge,  jnst  as  when 
a  loaded  shell  is  struck  by  a  shot  it  is  exploded,  not  by  a  spark 
elicited  on  the  previous  breaking  of  the  sheU,  but,  as  already 
stated,  by  the  igm'tion  of  its  content*  contemporaneously  with, 
or  instantaneously  after,  it  is  broken  by  the  blow, 

329.  The  fact,  incontestably,  is  that  gunpowder  is,  in  a  con- 
siderable and  dangerous  degree,  explosive  by  perc 


■  "  Iq   firing  Sbrapael  sheila  from  heiwy  32-pounil 
charge  of  6  Iba.  ia  Dot  to  be  exceeded,  and  is  tbe  ^ 
naed  with  these  guns ;  with  a  greater  charge  the  ■ 
burst  in  tho  gnn  from  the  ooncuasion  on  firing.''— 
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cussion,  compreesion,  and  friction^  and  though  not  instantane- 
ously, yet  griMually,  by  even  a  small  degree  of  heat.  To  one 
or  other  of  these  latent  dangers  in  gunpowder,  and  the  more 
easily  ignited  compounds  for  fuze-primings,  &c.,  maybe  ascribed 
the  unaccountable  explosions  which  so  frequently  occur  in  the 
powder-mill,  the  laboratory,  the  firework-manufactory,  and  in 
ships,  as  well  as  the  frequent  explosions  of  ammunition  in 
tumbrels  and  on  the  field-waggons,  and  of  which  no  good  account 
has  been  given,  because  in  general  aU  the  persons  near  and 
about  are  killed.  A  very  terrific  case  of  this  description  occurred 
at  Portsmouth,  in  1851,  where  a  large  concourse  of  naval  and 
military  officers  and  many  other  persons  assembled^  at  the  Fire 
Bam,  to  witness  the  trials  of  a  10-inch  shell,  filled  with  a  slow- 
burning  composition,  which,  on  being  ignited  by  its  fuze,  should 
emit  a  dense  smoke  or  vapour,  having  moreover  suffocating 
effects.  But  instead  of  burning  slowly,  the  composition,  as  soon 
as  ignited,  exploded  the  shell,  scattered  its  splinters  with  great 
force  in  every  direction,  and,  besides  the  casualties  it  occasioned 
to  the  bystanders,  had  well-nigh  put  an  end  to  the  valuable  life 
of  a  gallant  and  distinguished  general  officer,  one  of  the  author^s 
most  valued  Mends**  After  the  most  careful  investigation,  this 
accident  has  never  been  accounted  for,  aiid  remains  one  of  nume- 
rous instances  of  the  treadierous  character  of  all  such  artifices. 

It  was  proved  by  Le  Boi  that  gunpowder  is  explosive  by  per- 
cussion, for  this  chemist  found  that  a  few  grains  strewed  on  an 
iron  anvil,  and  struck  by  an  iron  hammer,  exploded.  Jeffers,  in 
the  work  above  quoted,  says  (p.  174),  that  gunpowder  likewise 
explodes  by  the  collision  of  iron  on  brass,  brass  against  brass, 
copper  against  copper,  though  less  readily;  likewise  by  the 
shock  of  bronze  on  copper,  iron  on  marble,  iron  on  lead,  and 
lead  on  lead.  The  latter  was  abundantly  proved  in  an  experi- 
ment made  by  Professor  Faraday,  who  is  in  possession  of  a  large 
fragment  of  a  shell  containing  a  mass  of  lead  formed  by  the 
bullets  it  had  contained,  which  were  transformed,  by  the  shock 
of  impact,  into  a  mass  of  prisms ;  this  was  made  use  of  to  try 
whether  the  action  of  lead  on  lead  would  ignite  gunpowder ;  for 
this  purpose  a  small  quantity  was  placed  in  the  hollow  of  the 


Major-General  Simpson,  Governor  of  Portsmonth. 
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shell,  which,  when  struck  by  a  leaden  bullet,  was  ignited.  A 
stone  shot,  of  770  lbs.  weighty  entered  the  lower  deck  of  the 
"  Windsor  Casije"  in  1807,  set  fire  to  some  powder,  and  pro- 
duced a  terrible  explosion,  by  which  46  men  were  killed  and 
wounded,  and  such  a  panic  was  created  that  some  men  jumped 
overboard  and  were  drowned.  \Y^y,  then,  might  not  the  blow 
of  a  32-lb.  shot,  fired  with  a  fuU  service-charge,  and  striking  a 
shell  at  rest,  explode  the  shell  by  percussion?  But  whether  the 
shell  be  broken  and  its  contents  ignited  thereupon,  or  whether  it 
be  exploded  by  its  charge  on  receiving  the  blow,  this  at  least  we 
know,  that  such  an  ignition  of  powder  may  produce,  as  it  did  at 
Sinope,  the  most  disastrous  effects  in  a  ship  in  action. 

830.  The  expense  of  shell-equipment  and  shell-firing,  to  the 
extent  to  which  it  has  been  earned  in  the  British  navy,  is  enor- 
mous. The  cost  of  every  8-inch  shell  shipped  inJts  box,  in- 
cluding the  fuze,  is  11«.  GdL  Every  8-inch  shell  fired  costs 
17«.  4|<i^  The  cost  of  the  fuze  for  a  10-inch  shell  is  the  same 
as  that  for  an  8-inch,  but  the  expense  of  the  shell  itself  is  greater 
than  that  of  an  8-inch,  in  proportion  to  the  greater  weight  of  the 
larger  shelL  FuUy  admitting  the  advantages  of  pivot-guns  to 
steamers  and  other  vessels,  and  of  a  limited  number  of  shell-guns 
for  special  shell-fixing,  there  is  nothing  to  object  to  the  expense, 
though  large,  of  guns,  carriages,  slides,  and  appurtenances  of 
the  former,^  nor  to  the  supply  of  8-inch  shells  for  a  limited 
number  of  shell-guns.  But  with  respect  to  the  vast  espense  of 
arming  whole  decks,  of  line-of-battle  and  other  ships  with  shell- 
guns,  and  of  sheU-firing  from  all  natures  and  descriptions  of  ord- 
nance, great  and  growing  objections  are  made,  and  making  their 

*  Cost  per  Hound  of  8-iiich  Naval  Shells  fired. 

8.    d. 

Shell 5    ^ 

Metal  fuze  and  its  cap,  about ..5    0 

Charge,  10  lbs.  powder  at  7(i. 5  10 

Bursting-powder,  2  lbs ..12 

Box 1  11 

Total,  including  the  box 19    3^ 

Moorsom's  fuzes  cost  about  65.  each ;  boxes,  6-inch,  Is.  6d, 

^  The  expense  of  the  gun,  carrj^e,  slide,  and  appurtenances 

of  a  68-pounder  gun       ..      ..      ..      ..  £225 

Ditto           ditto            of  a  lO-inch  gun 176 

Ditto           ditto           of  an  8-inch  gun 172 

z  2 
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way.  The  vast  expense  of  our  shell  system  consists  not  only  in 
providing  great  numbers  of  new  shell-guns,  shells,  fuzes,  &c, 
but,  moreover,  of  constructing  ships  and  vessels  of  vastly  in- 
creased and  enormous  magnitudes,  capable  of  carrying  such 
heavy  armaments  and  of  providing  stowage  in  their  interior  for 
the  greatly  increased  complei^ents  of  shells.  For  this  the  rela- 
tion formerly  existing  between  the  displacement  of  ships  and  the 
number  of  guns  they  are  to  carry  (Arts.  257-260)  has  been 
greatly  altered,  in  the  construction  of  new  ships,  and  in  re- 
modelling tiiose  formerly  built.  If  General  Paixhans,  the  great 
originator  of  the  shell  system,  be  right>  and  unless  the  author  and 
many  experienced  first-rate  naval  officers  be  egregiously  mi£k 
taken,  fresh  expense  of  no  small  amount  will  have  to  be  incurred 
merely  to  undo  miich  that  has  been  abready  done. 

The  author  can  scarcely  doubt  that  he  will  be  considered  by 
the  reader  to  have  established,  in  the  preceding  pages,  a  case  of 
very  great  peril,  deserving  the  most  serious  consideration : — this, 
at  least,  is  «o  stroiigly  impressed  upon  him  in  the  course  of  the 
laborious,  protracted,  and  most  anidous  attention  which  he  has 
giv^n  to  this  important  subject,  that  he  feels  it  impossible 
to  repress  the  avowkl  of  his  appreh^ision,  now  that  he  is 
called  upon  by  ihe  demand  for  his  work  to  resume  his  labours. 
Thus  he  disburthens  his  mind  of  the  load  he  would  have  to  bear, 
and  clears  his  oonscience  of  the  responsibility  which,  in  certain 
cases,  he  might  incur,  did  he  conceal  the  convictions  of  his  own 
mind.  The  reader  will  pronounce  whether,  in  his  judgment^  a 
case  of  peril  to  the  profession  and  to  the  country  has,  or  has  not, 
been  established  in  thi^e  pages ;  and,  if  the  former,  whether  by 
any,  and  what  means,  the  danger  may  be  prevented,  abated,  or 
avoided. 

SECTION  IX. — ON  MILITABY  ROCKETS. 

331.  A  rocket  for  military  purposes  consists  of  an  inflammable 
composition  contained  in  a  cylindrical  Case  of  stout  paper  or  of 
iron,  the  head,  or  anterior  part,  having  usually  the  form  of  a 
cone,  but,  occasionally,  that  of  a  hemisphere  or  paraboloid.  The 
eompositiou  for  the  cylindrical  part  consists  of  nitre,  sulphur  and 
charcoal,  in  the  following  proportions : — Nitre,  4  lbs.  4  oz. ; 
sulphur,  12  oz. ;  and  charcoal,  2  lbs.     When  the  rocket  is  used 
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merely  for  making  signals,  the  head,  which  is  then  conical,  is 
filled  with  a  composition  for  producing,  at  the  explosion,  the 
stars  of  light  which  constitute  the  signal. 

A  rod  of  wood  is  attached,  at  one  end,  to  the  base,  the  neck 
or  choke  of  the  rocket ; '  its  length  being  equal  to  about  *10  times 
the  diameter  of  the  cylindrical  part  of  the  rocket,  and  its  thick- 
ness equal  to  about  half  that  diameter.  Signal  rockets  weigh 
from  half  a  pound  to  2  lbs. :  the  diameter  of  a  1-lb.  rocket, is 
i^  inch ;  the  length  of  tho  cylindrical  part  is  12^  inches,  and 
of  the  conical  part  3J  inches. 

The  composition  is  driven  into  the  rocket-case  till  its  density 
is  equal  to  about  twice  that  of  gunpowder ;  but,  in  the  interior, 
about  the  axis  of  the  case,  is  left  a  void  space  of  a  conical  form, 
its  base  coinciding  with  the  netrk  of  the  rocket ;  and,  in  this  neck 
several  apertures  are  formed  for  the  admission  of  air :  at  one  of 
tiieae,  in  which  is  left  a  piece  of  qvich  match,  the  fire  is  applied 
to  the  composition.  The  rocket,  when  about  to  be  fired,  is  fitted 
in  a  tube,  which  is  attached,  in  a  given  position,  to  a  rest ;  when, 
on  applying  the  match,  the  whole  surface  of  the  conical  apace  is 
put  in  a  slate  of  slow  combustion  and  the  rocket  is  propelled : 
the  combustion  continues  till  the  comjxisition  is  entirely  con- 
sumed ;  the  elastic  gas  generated  by  the  combiistion  escaping 
through  the  apertures. 

332.  The  propelling  power  is  produced  by  the  expansion  of 
the  gas  generated  in  the  burning  composition :  the  force  thus 
originated  causes  a  pressure,  outwards,  again^  the  sides  and 
ends  of  the  rocket ;  but  the  apertures  in  the  neck  allowing  the 
gas  to  escape  there  {being  resisted  only  by  the  pressure  of  tlio 
atmosphere  at  the  apertures),  the  pressure  against  that  end  is 
consequently  less  than  that  which  is  exerted  by  the  gaa  against 
the  head,  or  anterior  part  of  the  rocket;  and  the  difl'erence  be- 
tween the  pressures  at  the  opposite  ends  is  a  resultant  force 
acting  against  the  head  during  all  the  time  that  the  composition 
is  burning;  this  constitutes,  therefore,  a  pressive  force  by  which 
the  rocket  moves  onwards  with  a  motion  continually  acc^erated 

*  At  fireL  the  rod  was  attaclied  to  one  side  of  the  rocket ;  but  i 
great  irregularities  in  the  flight,  and  the  lato  Sir  William  Congee' 
in  the  direction  of  the  axis  of  the  rocket :  this  disposition  in  a  g^ 
remedied  the  evil  without  interfering  with  tho  usoipo  of  the  (pr 
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tni  the  reaisUitioe  of  the  air  a^net  ihe  head  becomee  equal  to 
that  force,  or  tUl  the  compodtion  is  burnt  oat,  when  the  mcket 
fells  to  the  ground.  This  action  of  the  gas  is  quite  analogous 
to  that  which  produces  the  recoil  of  a  suspended  gim,  when  fired 
without  shot  or  wadding. 

333.  The  rod  serves  to  guide  the  rocket  steadily  in  its  flight, 
the  lateral  resistance  of  the  air  about  it  preventing,  in  some 
measore,  its  vibrations.  In  a  1-Ib,  rocket,  before  combnstion 
begins,  the  common  centre  of  gravity  of  the  rocket  and  rod  is 
about  2  feet  from  the  Iiead  of  the  former,  and  about  7  feet  from 
the  opposite  extremity  of  the  latter ;  and  then  the  resistance  of 
the  air,  in  checking  the  vibrations  of  the  rocket  from  accidental 
causes,  acts  with  considerable  effect,  like  a  power  applied  at  the 
end  of  the  longer  arm  of  a  lever;  but,  in  proportion  as  the  com- 
position is  burnt  out,  the  centre  of  gravity  approaches  the  middle 
of  the  length  of  the  whole  missile ;  the  resistance  of  the  air  is 
then  less  able  to  counteract  the  accidental  deviations  of  the 
rocket  itself;  the  head  at  the  same  time  begins  to  droop,  and  at 
length  the  whole  comes  obliquely  to  the  ground.  It  has  hap- 
pened, even,  when  the  angle  of  elevation  was  small,  that  the 
weight  of  the  rocket  preponderated  so  far  over  that  of  the  rod  as 
to  cause  the  missile  to  come  to  the  groimd  in  a  direction  tending 
towards  the  spot  whence  it  was  fired. 

Signal  rockets,  whose  diameters  vary  from  llo  2  inches,  will 
ascend  vertically  to  a  height  of  500  or  600  yards ;  and  those 
whose  diametelt  vary  from  2  to  3  inches,  to  a  height  of  1200 
yards.  A  12-pounder  rocket  fired  at  an  elevation  of  16" ;  and  a 
6-pounder  rocket,  at  an  elevation  of  U^°,  range  about  1200  yards. 
The  distances  at  which  the  esplosions  of  rockets  have  been  seen 
Tary  from  40  to  50  miles. 

334.  The  use  of  rockets  was  first  introduced  into  the  military 
Bervice  by  Sir  William  Congreve.  This  scientific  officer  caused 
them  to  be  made  to  serve  as  shells  or  carcasses ;  and  their 
weights,  for  these  purposes,  are  3,  6,  12,  24  and  32  pounds. 
Wheu  fired  against  timber  or  earth  tliey  penetrate  to  consider- 
able depths.  A  12-pounder  rocket,  after  a  range  of  1260  yards, 
has  entered  to  the  depth  of  22  feet  into  earth. 

Every  shell-rocket  is  fitted  with  a  fuze,  screwed  into  the  base 
of  the  shell.    The  fuze  is  as  long  as  the  size  of  the  shell  will 
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admit  of,  bo  as  to  leave  sufficient  space  between  the  end  of  it 
and  the  inner  surface  of  the  shell,  for  putting  iu  the  bursting- 
powder  ;  aud  the  end  of  the  fuze  is  cupped,  to  serve  as  a  guide 
in  the  insertion  of  the  boriug-bit.  There  is  a  hole  in  the  end  or 
apex  of  the  shell,  secured  by  a  screw  metal-plug,  for  putting  iu 
the  burstiug-jiowder,  aud  for  boring,  according  to  the  different 
ranges  at  whicJi  it  may  be  required  to  burst  the  shell.  The  fol- 
lowing table  shows  the  dimensions  of  the  parts  of  the  rocket 
which  relate  to  the  fuze : — 
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If  the  i-ocket  ia  to  be  used  as  a  shot-rockot,  the  only  thing  to 
be  attended  to,  is  to  take  care  that  there  ia  no  powder  in  the 
shell,  and  tliat  tlie  plug  ia  secured  in  the  plug-hole. 

If  the  rocket  is  to  bo  used  as  a  shell-rocket,  at  the  longest 
range,  the  plug  is  to  be  taken  out,  and  the  shell  filled,  the  fuze 
left  at  its  full  length,  and  the  plug  replaced. 

If  at  the  shortest  range,  the  fuze  ia  to  be  entirely  bored  through 
and  the  rocket-composition  bored  into,  to  within  one  inch  aud  a 
half  of  the  fop  of  the  cone,  in  the  24-pouuder  rocket,  and  to 
within  one  inch  in  the  12,  6,  and  3  jwunder  rockets.  The  dis- 
tances from  the  surface  of  the  shell  to  the  top  of  the  couo,  and 
from  the  surface  of  the  shell  to  the  end  of  the  fuze,  and  also  the 
length  of  the  fuze,  being  fixed  and  known,  the  place  on  the 
boring-bit  at  which  to  screw  tho  etoj  '  -  Tarious 

lengtlis  of  fuzes  or  length  of  rocket-co 
the  cone,  is  easily  determined ;  thesp 
the  brass  scales  for  each  uatmr 
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rocket-composition  available  for  boring  into^  and  the  lengths  of 
fuze,  are  also  set  ofif^  and  subdivided  into  tenths  of  an  inch.* 

335.  The  very  vague  observations  on  shell-rocket  practice 
given  in  the  subjoined  Note,  are  sufficient  to  show  the  great  un- 
certcdnty  of  that  practice  against  troops  in  the  field ;  and  to  this 
uncertainty  must  be  added  the  liability  of  the  sticks  to  be  broken 
on  grazing  the  ground,  when  fired  at  low  angles. 

The  forward  motion  of  a  rocket,  besides  being  impeded  by  the 
resistance  of  the  air  at  the  head,  is  further  impeded  by  the 
action  of  gravity  when  the  missile  is  fired  at  an  elevation. 
Again,  in  firing  across  the  wind,  the  action  of  the  air  upon  the 


*  The  following  rales  oonoeming  the  lengths  of  rocket-fnzes,  the  ranges 
and  elevations,  may  be  useful,  though  they  have  not  been  confirmed  by  an 
extensive  course  of  practice  : — 

For  24-pounder  rockets ;  if  the  whole  length  of  the  fuze  is  left  in  the  shell 
of  the  24-pounder  rocket,  it  may  be  expected  to  burst  at  about  3700  yards, 
elevation  47  degrees. 

If  the  whole  of  the  fuze-composition  be  bored  out,  and  the  rocket-compo- 
sition left  entire,  the  shell  may  be  expected  to  burst  at  about  2000  yanls, 
elevation  27  degrees. 

If  the  rocket-composition  be  bored  into,  to  within  1.6  inch  of  the  top  of  the 
cone,  the  shell  may  be  expected  to  burst  at  about  700  yards,  elevation  17 
degrees. 

For  12-pounder  rockets ;  if  the  whole  length  of  fuze  be  left  in  the  shell  of 
the  12-pounder  rocket,  it  may  be  expected  to  burst  at  about  3000  yards, 
elevation  40  degrees. 

If  the  whole  of  the  fuzesxymposition  be  bored  out,  and  the  rocket-compo- 
sition left  entire,  the  shell  may  be  expected  to  burst  at  about  1500  yanis, 
elevation  20  degrees. 

If  the  rocket-composition  be  bored  into,  to  within  one  inch  of  the  top  of 
the  cone,  the  sheU  may  be  expected  to  burst  at  about  420  yards,  elevation  10 
degrees. 

For  6-pounder  rockets ;  if  the  whole  length  of  fuze  b»  left  in  the.  shell  of 
the  6-pounder  rocket,  it  may  be  expected  to  burst  at  about  2300  yards, 
elevation  37  degrees. 

If  the  whole  of  the  fuze-composition  be  bored  out,  and  the  rocket-compo- 
sition be  left  entire,  the  shell  may  be  expected  to  burst  at  about  1100  yards, 
elevation  15  degrees. 

If  the  rocket-composition  be  bored  into  within  one  inch  of  the  top  of  the 
cone,  the  shell  may  be  expected  to  burst  at  about  420  yards,  elevation  10 
degrees. 

For  3-pounder  rockets ;  if  the  whole  length  of  the  fuze  be  left  in  the  shell 
of  the  3-pounder  rocket,  it  may  be  expect^  to  burst  at  about  1800  yards, 
elevation  25  degrees. 

If  the  whole  of  the  fuze-composition  be  bored  out,  and  the  rocket-compo- 
sition be  left  entire,  the  shell  may  be  expected  to  burst  at  about  850  yards, 
elevation  12  degrees. 

If  the  rocket- composition  be  bored  into  within  one  inch  of  the  top  of  the 
cone,  the  shell  may  be  expected  to  burst  at  about  420  yards,  elevation  8 
degrees. 
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stick  causes  tlie  rocket  to  come  up  more  to  the  wind  instead  of 
being  driven  bodily  to  leeward,  and  the  stronger  tlie  current  of 
air  is,  the  more  the  rocket  points  towards  the  quarter  from 
whence  the  wind  comes.  When  the  rocket  ia  fired  against  the 
wind  the  range  is  considerably  shortened,  and  wheu  fired  with 
the  wind  it  is  lengthened.  Thns,  in  firing  across  the  wind, 
some  allowance  must  be  made  for  its.  effects,  and  the  rocket 
must  be  pointed  Ly  so  much  to  leeward  of  the  object ;  in  firing 
against  the  wind,  greater  elevation  than  that  which  the  distance 
requires  must  be  given,  and  in  firing  with  the  wind,  less  eleva- 
tion must  be  given :  but  the  amount  of  these  allowances  can 
only  be  assumed  approximatively  according  to  an  estimate  of  tlie 
strength  of  the  wind ;  and  therefore  the  practice  must  be  un- 
certain, 

33(5.  The  author  has  seen  sufficient  of  rocket-practice  on 
service  to  convince  him  of  the  uncertainty  and  inefficiency  of 
that  weapon  in  firing  at  small  objects.  Wlien  used  against 
large  toivna,  which  can  scarcely  be  missed,  in  order  to  set  fire  to 
habitations  and  other  structures  formed  of  combustible  mate- 
rials, rockets  may  answer  well  as  incendiary  weapons ;  but  they 
are  far  more  formidable  to  private  dwellings  and  their  unfor- 
tunate inmates  than  destructive  of  military  defences  and  the 
lodgments  of  the  troops.  If  a  rocket  strike  the  roof  of  a  liouse 
it  will  there  stick  and  set  it  on  fire ;  but  it  has  not  penetrating 
power  to  produce  any  serious  effect  on  the  defences  of  a  place.' 
Flushing  was  set  on  fire  in  many  places,  at  the  bombardment  of 
that  town  in  1809,  but  no  mark  was  left  of  the  rockets  having 
done  any  material  injury  either  to  the  defences  or  the  defenders. 
Rockets  may  be  used  with  considerable  advantage  against 
cavalry,  from  the  scaring  effects  of  that  blazing  projectile  upon 
horses :  they  may  also  be  employed  efficaciously  against  squares 
or  masses  of  infantry,  and  in  dislodging  an  enemy  from  villages 
or  towns,  which  could  not  otherwise  be  approached  by  infantry 
alone.    At  the  battle  of  Leipsic,  in  1813,  the  British  rocket-troop 


■  It  must  be  remarked  that  wlial  is  called  a  shot-rocket  is  one  whoa 
{3  not  loaded  with  powder,  and  which  hoa  the  top  plugged.  It  is  I) 
only  a  thin  hollow  shot,  having  consequently  comparatively  small  pen' 
power,  and  which,  like  other  hollow  Hhot,  would  break  to  pieccB  on  : 
&ny  very  hard  material. 
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under  the  command  of  Captain  Bogue,  is  said  to  have  rendered 
essential  sendee;  and  at  the  passage  of  the  Adour  some  dis- 
charges of  rockets  fired  across  the  river  checked  a  French 
column  that  was  advancing  to  attack  the  lodgment  which  had 
been  effected  on  the  right  bank  of  the  riyer  by  a  body  of  600 
British  troops ;  but  it  appears  upon  the  whole  that  the  effects 
produced  by  these  first. uses  of  this  apparently  fearful  weapon 
were  rather  moral  than  real.  Bockets  may  also  be  fired  from 
ships  against  troops  or  towns  with  considerable  effect  as  incen- 
diary projectiles ;  and  were  used  as  such  by  the  French  in  1844, 
against  the  cities  of  Tangier  and  Suerah ;  they  have  also  been 
found  very  useful  for  incendiary  purposes  in  Algiers.  The  porta- 
bility of  rockets,  when  great  numbers  are  to  be  conveyed  in 
countries  impracticable  for  wheel-carriages,  renders  Hiem  very 
desirable  weapons  with  troops  in  tiie  field,  and  even  with  the 
artiQery  of  an  army,  to  be  used  on  special  occasions,  as  when 
guns  cannot  be  Inrought  up. 

337.  Sir  William  Congreve  enthusiastically  believed  that  his 
rockets  would  entirely  supersede  the  use  of  artillery  in  the 
land-service^  and  many  exaggerated  opinions  were  once  enters 
tained  of  the  efficiency  of  that  weapon;  but  these  have  long 
since  sobered  down  to  the  idea,  now  very  generally  prevalent^ 
that  they  are  only  substitutes  for  field-guns,  when  tiiese  cannot 
be  brought  up ;  Hiey  may  easily  be  carried  by  men  or  drawn 
by  horses,  and  may  commence  firing  upon  an  enemy  before 
artillery  could  be  brought  into  position.  The  most  efficient  use, 
however,  that  can  be  made  of  rocket<s  is,  as  an  incendiary  pro- 
jectile, to  set  fire  to  towns  or  single  buildings ;  but  it  may  be 
doubted  whether  the  rocket  system  is  not  carried  too  far  for 
field-service  in  the  organization  of  rocket-troops.  These  consist 
of  mounted  men,  as  in  the  horse-artillery,  with  a  number  of 
carriages  for  transporting  the  roc&ets  and  their  appurtenances. 
The  carriages  cannot  be  brought  up  unless  the  country  in  which 
they  are  tp  act  is  practicable  for  them ;  and  if  so,  would  it  not 
be  better  that  a  troop  consisting  of  so  many  men,  carriages,  and 
horses,  should  have  guns  rather  than  rockets?  According  to 
the  present  organization  of  rocket-troops,  these  very  uncertain 
weapons  are  made  substitutes  for  artillery  which  the  same 
number  of  carriages  might  transport  and  the  same  number  of 
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men  might  serve.  M.  Cbarpentier,  in  his  '  Esaai  d'Artillerie,' 
p.  199,  makes  the  following  very  just  observation  respecting 
extreme  opinions  on  tho  value  of  rockets : — "  Quelgnes  mililaires 
regardent  les  fusees  de  guerre  comme  des  projectiles  insignifiants. 
D'aiitres,  s'exag^rant  leur  puissance  destructive,  en  font  une 
eorte  d'inveotion  infemale,  dont  ila  voudraient,  dans  dea  vues 
philanthropiques,  voir  I'uaage  interdit.  II  y  a  erreur  de  jiart  et 
d'autro.  Les  fusees  incendiaires  peuvont  avoir  un  effet  tres- 
utile  dans  certaines  circonstances  de  la  guerre,  ne  futrce  que 
pour  porter  la  demoralisation  ehez  I'ennemi."  ' 

Thus  in  the  affair  at  tho  Adour,  in  1812,  the  French  soldiers 
were  certainly  very  much  scared,  but  not  much  hurt ;  one  of 
them,  who  was  made  prisoner,  had  the  skirts  of  his  coat  set  oa 
fire  by  a  rocket,  and  on  surrendering  exclaimed  in  great  con- 
sternation— "  Sacre  Dieu  I  j'ai  vingt  ans  de  service  et  je  n'ai 
jamais  vn  des  armes  a  feu  comme  celles-Iji."  But,  continues 
M.  Chai-pentier,  if  rockets  are  powerless  against  the  strong 
materials  of  ships  of  war,  they  may  be  used  with  great  efficacy 
against  places  on  a  sea-coast,  to  protect  landings,  and  against 
crowds  there  assembled ;  and,  accordingly,  they  should -be  plen- 
tifully supplied  to  fiteam-flhips,  which,  having  small  draught  of 
water,  may  approach  close  to  an  enemy's  coast,  and  by  using 
these  incendiary  projectiles  compensate  advantageously  for  the 
small  number  of  guns  to  which  their  armament  must  be  limited. 
Thus  large  proportions  of  rockets  are  issued  to  steam-ships  in 
the  French  navy,  and  even  to  other  vessels, 

338.  But  rockets  are  dangerous  inmates  in  ships :  there  is  no 
space  to  stow  them  in  shell-rooms  or  magazines,  nor  would  it  be 
proper  to  place  tliem  tliere.  A  terrific  exemplification  of  the 
•danger  of  these  incendiary  bodies,  in  ships  ovennuch  provided 
with  weapons  of  this  description,  is  given  in  the  fiubjoined  note." 


■  "  There  MB  military  men  who  conBiiler  rockets  us  wenpons  of  Braall  value ; 
and  there  are  olhors  who,  oxaggeratiiig  their  deatnictive  powers,  coasi Jer  them 
OS  a  sort  of  in/emai  iavention,  the  employmant  of  which  they  would,  from 
motiveB  of  philanthropy,  ialeniiot.  Both  parties  are  in  error :  rockets  can  he 
employed  with  advantage  in  war  only  as  a  means  of  ^iroducing  disorder  among 
an  enemy's  trodpa,"  ^^^^^^^^^^ 

*■  "  A  terrible  miafortune  has  occurred  '~  ^^^I^B^^^ff  '  ^^u'^ 
at  sea,  and  in  the  possnge  from  Torbsy  tr  ^^^^^^^^^H  of 

a  giiuncr,  who  had  in  his  possession  i  ^^^^^^^^^f 

exploded.    About  five  o'clock  in  the  mo 
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Rocket  firing  from  ships  is  a  very  dangerous  practice.  The 
first  rush  of  back-fire  before  the  rocket  starts  is  capable  of 
igniting  any  combustible  body  upon  which  the  tongues  of  the 
flame  act.  An  expedient,  we  believe,  has  been  proposed,  to  pro- 
tect the  ship  from  this  back-fire,  but  it  does  not  appear  to  have 
been  successful. 

339.  When,  to  all  the  other  aberrations  to  which  a  projectile 
is  subject  in  its  flighty  we  add  that  the  trajectory  which  a  rocket 
describes  is  made  up  of  two  portions  produced  by  very  different 
causes  and  governed  by  different  laws,  the  very  great  uncer- 
tainty of  rocket-practice  will  be  obvious.  When  it  first  starts 
from  the  tube,  the  velocity  is  so  small  that  it  is  not  sufficient  to 
prevent  the  fore  part  of  the  rocket  from  drooping  or  dipping 
below  the  axis  of  the  tube ;  the  actual  angle  of  departure  is, 
therefore,  less  than  that  at  which  the  tube  is  set,  and  allowance 
for  the  error  can  only  be  made  by.  a  vague  estimation.  As  the 
rocket  proceeds  its  velocity  increases,  and  is  supposed  to  be 
greatest  at  one-third  or  one-half  the  range.  The  common  centre 
of  gravity  of  a  rocket  and  its  stick  on  starting  is  situated  near 
the  propelling  power,  and  the  vibrations  of  the  rocket  during  its 
flight  take  place  about  that  point ;  this  point  is,  however,  con- 
tinually changing  its  place  in  proportion  as  the  composition  is 
consumed,  and  this  change  causes  continual  irregularities  in  the 
deviations  of  the  rocket  during  its  flight  When  the  composition 
is  entirely  burnt  out>  the  rocket  proceeds  under  new  and  very 
different  conditions :  so  that  upon  the  whole  it  is  utterly  impos- 
sible to  lay  down  the  trajectory  of  a  rocket,  or  to  obtain  good 
and  sufficient  rules  for  conducting  the  practice  with  that  arm. 

340.  A  very  ingenious  method  of  dispensing  with  the  stick 
of  the  rocket  has  recently  been  proposed  by  Mr.  Hale.     Thi/ 
consists  in  causing  the  rocket  to  rotate  on  its  axis  during  its 


sion  was  heard,  like  a  clap  of  thunder,  on  board.  At  the  same  moment  the 
rapixil  was  beaten,  minute-guns  were  fired,  and  orders  given  to  get  out  the 
boats.  The  shock  was  so  great  that  the  whole  of  the  lights  were  extinguished ; 
darkness  the  most  complete  prevailed;  and  the  crew  ran  a  risk  of  being 
suffocated  by  the  smoke  of  the  powder.  Nothing  was  heard  but  the  cries  and 
moanini^^s  of  the  wounded,  the  greater  part  of  whom  were  as  if  buried  under 
the  timbers.  Twenty  seamen,  whose  forms  had  lost  all  human  apjiearance, 
were  found  amongst  the  niins.  Ten  of  them  died  in  half  an  hour  after,  and 
it  is  feared  that  very  few  can  be  saved.  The  *  Valmy,'  damaged  comj>letcly 
in  her  inside,  is  to  put  into  Brest  to  be  repaired." 
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flight;  and,  as  in  the  case  of  an  elongated  shot,  moye  steadily 
with  the  point  foremost.  For  this  purpose,  instead  of  permitting 
the  rush  of  flame  to  escape  from  the  bottom  orifice  in  a  line 
with  the  axis  of  the  tube,  by  which  the  flame  acts  directly 
against  the  air,  the  burning  material  issues  from  five  orifices 
made  near  the  neck,  obliquely  to  the  axis  of  the  tube ;  the  effect 
of  which  is  that  the  body  of  the  rocket  is  made  to  rotate  while 
it  is  also  propelled.  This  is  certainly  a  very  ingenious  con- 
trivance, which  may  be  expected  to  produce  advantageous  results. 
In  the  experiments  made  with  these  rockets  several  modes  of 
directing  them  have  been  tried.  First,  by  firing  them  from  a 
small  trough  formed  of  wood  in  two  inclined  planes.  Secondly, 
from  a  frame,  carrying  two  portions  of  rings,  which  grasp  the 
body  of  the  rocket  and  retain  it  in  one  position  till  it  has 
acquired,  after  ignition,  sufficient  force  to  overcome  the  pressure 
of  a  spring  below  it ;  this  force,  suddenly  releasing  the  body 
from  the  rings,  permits  the  rocket  to  escape  with  a  velocity 
sufficient  to  prevent  the  usual  droop  or  dip  above  mentioned. 
This  droop  was  supposed  to  be  the  cause  of  the  failures  in  some 
previous  experiments  which  had  been  made  at  low  angles  of 
elevation  without  the  rings.  Thirdly,  the  rockets  were  directed 
by  a  circular  machine  consisting  of  three  hoops  made  of  iron 
bars,  between  which  the  rocket  was  introduced;  on  being 
ignited,  it  proceeded  round  the  circle  between  the  bars  with 
increasing  velocity,  and  escaped  at  the  lower  part  of  the 
machine  with  force  sufficient  to  prevent  any  droop  as  well  as  to 
carry  it  to  a  very  great  distance. 

341.  These  rockets  were  not  recommended  by  the  select  com- 
mittee, on  account  chiefly  of  their  liability  to  failure  at  low 
€tngles;  but,  whatever  may  be  their  present  defects,  they  ap- 
peared to  the  committee  to  be  capable,  when  further  improved, 
of  being  made  very  valuable  weapons. 

Unless  the  cause  of  the  failure  of  the  Hale-rocket,  when  used 
at  low  angles,  can  be  removed,  it  will  be  of  little  use  against 
troops  in  the  field;  and  it  is  in  horizontal  firing,  on  plane 
battle-fields,  that  rockets  are  most  formidable.  In  other  respects 
also  the  success  of  the  Hale-rocket  may  be  doubted :  the  stick- 
rocket  continues  its  flighty  directed  by  the  stick,  after  the  com- 
position is  burnt  out;  but  the  Hale-rocket  loses  its  directing 
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power  as  soon  as  the  composition  is  consnmed,  because  the 
rotation  then  ceases^  and  nothing  can  be  expected  from  the 
rocket,  beyond  the  distance  it  has  reached  when  the  composition 
ceases  to  bunu 


SECTION  X.— ^N  THE  ATTACK  OF  HARITIME  F0BTBE8SES. 

342.  The  bombardment  of  a  fortified  place  is  more  destmctiye 
to  the  non-combating  inhabitants^  generally  yery  namerous» 
than  to  the  defenders  of  the  works,  who,  when  not  on  duty,  are 
lodged  in  shell-pEoof  barracks ;  and  it  produces  less  effect  upon 
the  military  works  than  npon  the  dwellings  of  ihe  citizens.  In 
bctf  Ihe  object  of  the  bombardment  is  to  compel  the  garrison 
to  surrender,  not  by  the  injury  which  it  may  sustain,  but  by  the 
slaughter  and  miseiy  inflicted  on  the  unoffending  inhabitants ; 
and  no  retrospect  can  be  more  afflicting  than  that  which  intrudes 
on  the  mind  of  one  who,  like  the  author,  has  witnessed  the 
horrors  of  a  bombardment 

When  the  yery  existence  of  a  nation  is  menaced,  when,  con- 
sequently, self-defence,  actiye  as  well  as  passiVe,  is  a  paramount 
consideratioii,  the  infliction  of  the  greatest  possible  injury  on 
the  aggressor,  by  any  means  whateyer,  becomes  justifiable ;  but, 
in  a  war  of  policy,  which  should  be  directed  rather  against  the 
chief  of  it  state  and  his  forces  than  against  his  subjects,  a  mea- 
sure, the  dreadful  consequences  of  which  fall  upon  these  alone, 
must  ineyitaUy  engender  among  them  feelings  of  bitter  ani- 
mosity against  the  nation  by  which  they  haye  been  so  cruelly 
outraged. 

343.  But,  if  it  be  determined  that  a  place,  whether  it  be  an 
inland  fortress  or  a  nayal  arsenal,  shall  be  bombarded,  the 
ordnance  used  should  be  of  large  calibre,  and  mortars  should  be 
employed  rather  than  howitzers.  When  the  object  is  to  crush 
buildings  or  destroy  shipping,  bomb-shells,  fired  at  considerable 
angles  of  eleyation  should  be  used,  in  order  that  the  momentum 
acquired  in  their  descent  may  be  sufficient  to  penetrate  maga- 
zines or  casemates  down  to  the  foundations,  and  there  exploding, 
set  fire  to  the  buildings  and  create  hayoc  and  disorder  among 
the  troops';  or,  should  they  fall  on  ships,  either  pierce  through 
and  sink  them,  or,  by  exploding,  blow  them  up.     Neither  per- 
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cuBsion  nor  concnaaion  shells,  fired  at  comparatively  emaU  elev^ 
tions,  will  serve  tliis  purpose ;  and  it  may  be  doubted  whether 
any  time-fuzes  can  withstand  the  shock  of  the  charge  which 
must  be  used  in  firing  excentric  shells  (Art.  192)  from  a 
68-pounder  gun,  or  a  10-inch  sheU-gun,  to  obtain  a  range  of 
5000  or  6000  yards.  But  it  is  known  that  the  fuze  of  a  13-iiich 
,  shell  will  resist  the  shock  produced  by  the  explosion  of  20  Iba. 
of  powder  in  a  aea-service  mortar,  and  the  fuze  of  a  10-inch 
shell  will  resist  the  sliock  produced  by  10  lbs.  of  powder.  The 
effect  of  the  recoil  of  a  10-inch  ahell-giin  downwards  on  the  deck 
of  a  steamer,  severely  damages  tlie  vosael  by  straining  it  iu 
every  joint ;  but  no  distre^  is  caused  by  the  discharge  of  a 
IS-inch  shell  in  a  mortar-ship,  in  which  the  ordnance  is  placed 
on  a  sohd  mass  of  material  resting  on  the  bottom  of  the  vessel.' 
344.  For  the  bombardment  of  a  naval  arsenal,  the  13-inch 


•  The  ranges  of  t1iel3-iiioh  and  10-inoh  aea-service  morfftrs  differ  very  little 
from  each  other,  the  former  being  4200  ynnls,  )U)d  Iha  latter  3090  yards,  the 
elevationa  in  both  cases  boiag  45  dcgiecs  (Tables  II.  aiul  III.,  Appendix  B). 
The  weight  of  a  13-inch  mortar  is  101  owt,  that  of  a  10-inoh  giin  86  owt., 
and  of  a  tiS-pr.  gun  95  cwt.  Thaweightof  a  13-inch  shell,  empty,  is  190  lbs., 
and  that  of  its  bursting-powder  6  lbs.  12  os. ;  the  weight  of  a  10-inch  shell, 
empty,  is  85  lbs,,  and  that  of  its  bur«ting-powder  2  lbs.  12  oz.  Lastly,  the 
weight  of  an  8-inch  shell,  empty,  is  11  IIm.,  and  that  of  ita  burs  ling-powder 
1  lb.  14  oz.  (' ArtiUertst's  Manual.')  The  practice  of  those  large  sheila, 
from  their  comparatively  «roall  initial  velocities,  with  respect  to  range,  lima 
of  flight,  and  velocity  in  the  curve,  may  be  determined  with  tolerable  preci- 
aiou  from  the  itarabolic  theory  (see  Art.  49,  Note).  A  range  of  4000  yards, 
or  about  21  miles,  is  quite  adequale  to  the  bombardment  of  any  ftrsenal,  with 
its  magazines,  barracks,  dock-yards,  and  basins  r  these  could  scarcely  be 
missed  at  every  dischai^e,  and  a  few  13-incli  ahella  would  suffice  to  cmah 
the  buildings  and  destroy  the  shipping. 

In  1856  a  13-inch  sea-service  iron  mortar,  weighing  103  ewt.,  which  had 
been  cast  in  the  preceding  year  at  the  Low  Moor  Foundry,  was  eiperimenled 
on  at  Spithead,  for  the  puq»se  of  trying  its  strength,  under  the  direction  of 
Sir  Thomas  Maitland,  and  aubsequantly  at  Fort  Cumberland,  by  the  officers 
of  the  Roy.ll  Marine  Artillery.  At  the  first  of  these  places  160  rounds  were 
fired,  and  at  the  other  1249  rounds,  all  witli  charges  of  50  lbs.  of  powdur. 
At  the  last  round  the  mortar  bnrst  in  a  direction,  as  usual,  from  the  vent  to 
the  notch  at  the  muzxle.  At  Fort  Cumberland  the  first  300  rounds  were 
fired  in  one  day,  but  the  aubaoqnent  rounds  at  greater  intervals. 

The  chamber  of  the  mortar  was  found  to  he  uninjared,  but  the  part  of  the 
bore  near  the  mouth  of  the  chamber  and  between  the  dolphins  was  consider- 
ably scored,  which  was  ascribed  to  a  rush  of  gna  towards  that  part.  Metal 
caps  were  introduced  at  llie  bottom  of  the  chamber,  which  prohahly  (ended  to 
protect  it.  After  about  600  roands  had  been  fired,  the  bottom  of  the  vent 
became  mlhec  rough  ;  the  rough  part  was  ""■■  '  -"  '—  -n  instrument, 
but  after  a  few  more  rounds  had  ' 
it  was  then  filled  up  with  euio,  < 
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mortar  is  a  most  yaluable  piece  of  ordnance ;  and,  as  its  trans- 
port by  sea  is  neither  so  difficult  nor  so  costly  as  by  land,  the 
considerations  which  prevent,  or  impede  to  a  great  extent,  the 
employment  of  these,  and  of  10-inch  mortars,  in  the  land-service, 
are  not  sufficiently  cogent  to  warrant  the  disuse  of  such  ordnance 
in  naval  expeditions.  It  appears  to  the  author  that  a  large  fleet, 
fitted  out  specially  for  the  purpose  of  bombardment,  should  be 
provided  with  a  certain  number  of  bomb-ships.  These  are  very 
inexpensively  furnished,  draw  little  water,  and  may  be  towed  to 
their  fighting  positions  by  small  steam-tugs :  an  officer  and  a 
few  marine  artillerymen  suffice  for  the  service  of  the  mortars : 
they  are  also  small  objects  for  the  enemy  to  fire  at;  and,  if 
destroyed,  there  is  comparatively  litUe  loss  in  value,  and  small 
risk  of  life.  Seven  bomb-ships  were  attached  to  the  Baltic  fleet 
in  1801,  and,  from  these,  at  the  time  of  forcing  the  passage  of 
the  Sound,  shells  were  thrown  into  Cronenberg  with  consider- 
able eflect^  while  the  fleet  sustained  no  injury  whatever  from 
the  enemy's  guns.  Admiral  Nelson  made  use  of  those  bomb- 
ships  at  the  battle  of  Copenhagen;  and  to  this  bombarding 
power  was  greatly  indebted  in  bringing  those  very  critical 
operations  to  a  successful  termination.  In  the  British  naval 
service,  though  bomb-ships  no  longer  exist,  13-inch  and  10-inch 
sea-service  mortars  are  retained  (see  Table  XXIV.,  Appendix  B) : 
&om  this  it  appears  that  horizontal  or  howitzer  shells,  fired  from 
the  pivot-guns  of  steam-fiigates,  are  supposed  to  be  efficient 
substitutes  for  mortars  in  bombardments  of  fortresses  and  naval 
arsenals :  but  this  is  not  so ;  and  therefore  to  employ  large  and 
costly  steankHships  in  this  way  is  to  incur  a  risk  of  very  great 
loss  in  property  and  life,  without  the  power  of  accomplishing 
the  peculiar  conditions  required  in  bombardments,  and  which 
mortar-sheUs  can  so  much  more  efiectually  fulfil.* 

345.  The  most  recent  cases  of  vertical  shell-firing  which  have 
occurred  since  the  termination  (1815)  of  the  general  war,  are 
those  carried  on  by  the  French.  The  bombardment  by  the 
French  squadron  of  San  Juan  d'UUoa  in  1838,  and  of  Vera  Cruz 
in  1839,  may  be  taken  as  proofs  of  the  uncertainty  of  vertical 


"  The  above  paragraph  was  written  before  the  present  gun-boats  and 
floating-batteries  were  constructed.     See  Arts.  372,  386. 
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shell-practice  against  castles  or  other  small  places,  as  well  as  of 
file  inability  of  fleets  to  contend  with  fortresses  and  other  powerfnl 
land-batteries,  unless  the  ships  be  very  close  to  them.  Whether 
the  attacking  ships  or  squadrons  should,  under  any  circumstances, 
be  permitted  t9  approach  to  such  proximity  unopposed,  are  ques- 
tions which  will  be  surely  solved  in  the  negative,  whenever  it 
may  happen  that  ships,  advancing  with  such  temerity,  shall  be 
properly  cannonaded,  as  soon  as  they  come  within  the  reach  of 
well-placed,  powerful  and  well-served  long-range  guns.  This  not 
having  been  done  at  Algiers  and  Acre,  and  we  may  add  Navarino, 
the  daring  and  success  of  the  operations  against  those  places  have 
tended  to  create  the  erroneous  notion  that  land-service  batteries 
cannot  under  any  circumstances  withstand  the  concentrated  fire 
of  ships  of  the  line. 

346.  If,  indeed,  ships  be  permitted  to  approach,  with  impunity, 
to  measure  well  their  distances  from  a  fortress,  and  then  delibe- 
rately open  their  fire,  the  torrent  of  iron  which  they  may  throw 
in  must  be  irresistible  and  overwhelming,  particularly  if  the  bat- 
teries are  placed  ajleur  d'eau,  and  consequently  commanded  by 
the  upper  decks  of  large  ships.  Batteries  placed  nearly  on  a 
level  with  the  water  are  far  more  subject  to  the  fire  of  ships,  and 
are  much  less  formidable  to  them,  than  batteries  elevated  some- 
what above  the  surface  of  the  sea:  these  last  command  the 
upper  deck  of  a  ship  by  a  direct,  though  depressed  fii-e,  which 
will  penetrate  obliquely  into,  and  through  her  sides,  and  possibly 
come  out  below  the  water-line;  whereas  shot,  even  the  best 
directed,  from  the  ship,  will,  except  such  as  may  chance  to  enter 
the  embrasures,  or  graze  the  crest  of  the  parapet,  pass  over  th(9 
heads  of  the  defenders  in  the  battery  without  doing  any  material 
harm.  Should  any  guns  be  mounted  en  barbette,  which  ought 
never  to  be  the  case  in  sea-batteries  intended  for  close  or  flanking 
defences,  they  would  inevitably  be  dismounted.  No  ricochet 
from  a  ship  can  touch  a  battery  in  a  commanding  position; 
whilst,  unless  the  battery  be  sikiated  so  high  that  its  shot  would 
strike  the  water  under  angles  exceeding  3°  or  3^°  (Art.  142 ; 
see  also  Arts.  163-167),  shot  ricocheting  on  the  water  will  strike 
the  ship. 

In  the  '  Aide  Memi  ♦hat  the 

height  of  a  coast  or 
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be  from  10  to  15  metres  (yards),  because  that  height  will  permit 
the  ricochet  to  take  effect  as  far  from  the  battery  as  about  200, 
metres  (yards),  and  will  avoid  the  effect  of  the  ricochet  of  shot 
fired  from  ships'  d^cks,  which  are  only  from  5  to  6  mfetres  (yards) 
above  the  water-line. 

It  is  not  easy  to  assign  any  general  rule  for  the  most  advan^ 
tageous  height  of  a  battery  above  the  level  of  the  sea,  because 
that  level  alters  with  the  tide :  the  height  should  also  depend  on 
the  degree  of  proximity  to  which  vessels  may,  from  tht^ir  drauglit 
of  water,  approach  to  attack.  It  may  be  stated  in  general,  that 
all  batteries  should  have  some  command  over  the  body  fired  at. 
The  most  favourable  situation  for  a  gun  battery  in  the  field- 
service  is  about  one  hundredth  part  of  the  range  above  the  posi- 
tion of  the  enemy.'  But  this  low  command  is  sufficient  only  in 
firing  against  troops :  when  the  fire  of  one  battery  is  directed 
against  another,  a  more  considerable  command  is  of  great  im- 
portance. At  the  siege  of  Burgos,  in  1812,  the  batteries  of  the 
place  were  50  feet  above  the  breaching-battery,  at  the  distance 
of  150  yards  only;  and  their  effect  was  irresistible,  the  shot 
plunging  on  the  very  platforms  of  the  besiegers'  battery. 

M.  Sar,  in  his  '  Cours  d'Etudes  Militaires,'  pp.  349,  350,  359, 
et  seq.y  has  treated  this  subject  with  great  perspicuity  and  intelli- 
gence :  his  words  are  to  the  following  effect — "  The  experiments 
which,  at  different  times,  have  been  made  prove  that  shots  nco- 
chet  more  perfectly  on  water  than  on  land ;  and,  according  to 
Gassendi,  all  ricochets  with  elevations  of  2,  3,  and  even  4  de- 
grees, cause  large  shots  to  lose  very  little  of  their  force." — pp. 
348,  349. 

"  A  battery  of  10  pieces,  served  by  skilful  gunners,  firing  in 
succession,  would  soon  overpower  a  ship,  whatever  might  be  her 
force,  especially  if  the  guns  are  of  high  calibre,  or  if  red-hot  shot 
are  projected." — ^p.  350. 

"  The  shot  from  ships  whose  decks  are  6,  12,  or  18  feet  above 
the  water  cannot,  in  ricocheting,  Ae  up  to  the  battery,  while  the 
latter  can  employ  both  a  direct  and  a  ricocheting  fire  against  the 
>Yhole  body  of  the  ship.  On  the  other  hand,  only  those  shots 
from  the  ship  can  take  effect  which  pass  18  inches  above  the 


"  Tractico  Cards'  by  Lieut. -Colonel  I'lirns. 
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parapet  of  the  battery,  since  the  guns  in  the  latter  are  only  so 
far  exposed,  and  the  gun  itself  covers  the  head  of  the  man  who 
points  it ;  all  the  rest  of  the  service  is  performed  behind  the 
parapet.  Thus  the  ship,  for  every  18  feet  length  of  gunwale, 
has  no  other  object  to  aim  at  than  the  muzzle  of  a  gun  pre- 
senting only  about  2  square  feet  of  surface,  while  the  battery 
has  before  it  an  object  presenting  2000  square  feet  of  surface, 
independently  of  the^asts,  ropes,  and  sails." — pp.  350,  351. 

347.  Land-batteries  properly  placed,  well  armed  and  skilfully 
served,  may  open  with  great  effect  on  an  enemy's  ships  at  great 
distances,  and  keep  up,  as  the  latter  approach,  a  continued  and 
deliberate  fire,  the  effect  of  which  will  become  stiU  more  formid- 
able in  proportion  as  the  ships  are  nearer.  This  fire  the  ships 
cannot  return  but  by  their  bow-guns,  until  they  shall  have  taken 
their  position  for  attack ;  and  during  all  that  time  they  will  have 
been  severely  maltreated. 

While  ships  are  approaching,  under  fire  of  the  heavy  ordnance 
with  which  coast-batteries  should  ever  be  armed,  a  few  well- 
directed  shells,  having  time-fuzes,  thro^vn  in  at  suitable  distances, 
to  act  against  the  whole  expanse  of  a  ship — masts,  sails,  and 
body — can  scarcely  fail  to  produce  very  severe  dismantling 
effects,  which  will  very  much  interfere  with,  and  impede  the 
operations  they  have  yet  to  execute,  before  they  can  open  their 
fire  with  any  safety  or  effect ;  and  Shrapnel  shells  well  applied 
during  the  operation  of  furling  sails,  would  be  extremely  deadly 
to  the  crowds  of  hands  then  aloft. 

348.  In  the  naval  attack  of  Sevastopol,  1854,  each  sailing- 
ship  was  led  to  its  station  by  a  steam-vessel  lashed  alongside, 
and  this  is  a  more  effectual  method  than  towing  would  be ;  but 
the  best  application  of  steam-power  for  battle  purposes  is  evi- 
dentiy  that  in  which  the  propulsion  is  inherent  in  the  ship  itself. 
TheTPrince  de  Joinville's  ships,  in  his  attack  of  Tangiers,  were 
towed  into  their  positions  by  steam-traction;  but,  besides  the 
difficulty  of  passing  a  tow-rope  from  one  ship  to  another,  th< 

is  the  greatest  risk  of  its  breaking  or  being  cut  b"  '^ 
the  steam-vessel  itself  may  be  disabled. 

349.  Lord  Exmouth,  in  the  "  Queen  Charloti 
to  approach  and  anchor  with  impunity  within 
Mole  of  Algiers !     He  then  opened  his  fire,  and 


1-     -X     - 
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a  torrent  of  projectiles  as  to  silence  every  gun  opposed  to*  him, 
with  the  loss  of  only  8  men  killed  and  131  wounded.  But  the 
"  Impregnable,"  which  was  fired  upon  at  1200  or  1500  yards' 
distance,  had  50  men  killed  and  138  wounded,  and  was  greatly 
damaged  in  her  material:  thus  the  ship  engaged  at  a  distance 
sustained  greater  loss  and  damage  than  that  which  fought  in 
close  action.  And  it  appears  that  only  those  ships  which  were 
very  near  the  enemy  silenced  the  batteries  with  which  they  were 
engaged. 

The  British  fleet  "wos  permitted  to  approach  Acre  almost  with- 
out any  opposition ;  to  sound  as  they  advanced,  to  buoy  the  posi- 
tions which  the  several  ships  were  to  take  up,  and  then  to  open 
a  most  destructive  fire  upon  the  place,  which  was  very  ineffi- 
ciently returned. 

It  did  not  escape  the  sagacity  and  vigilance  of  the  Duke  of 
Wellington,  in  voting  the  thanks  of  the  House  of  Lords  to  the 
admiral,  officers,  and  seamen  engaged  in  that  successful  opera- 
tion, that  wrong  and  perilous  impressions  might  be  created  as 
to  the  ability  of  fleets  to  contend  with  fortresses  in  general ;  that 
the  achievement  of  Acre  was  an  exceptional  case,  and  that  it 
would  not  be  safe  or  practicable  to  do  the  like  against  fortresses 
or  land-batteries  well  armed  and  skilfully  defended  Thus  His 
Grace,  after  expressing  his  cordial  approbation  of  the  services 
performed  by  the  navy  in  the  Mediterranean,  and  of  those  who 
were  engaged  in  that  glorious  expedition,  goes  on  to  say : — 

"  He  had  a  little  experience  in  services  of  this  nature,  and  he 
thought  it  his  duty  to  warn  their  Lordships  on  this  occasion  that 
they  must  not  always  expect  that  ships,  however  well  commanded 
or  gallant  their  seamen  might  be,  were  capable  of  commonly 
engaging  successfully  with  stone  walls. 

*'  He  would  repeat  that  this  was  a  singular  instance,  in  the 
achievement  of  which  great  skill  was  undoubtedly  manifested  ; 
but  which  was  also  connected  with  peculiar  circumstances,  which 
they  could  not  hope  always  to  occur.  It  must  not,  therefore,  be 
expected,  as  a  matter  of  course,  that  all  such  attempts  in  future 
must  necessarily  succeed."* 

350.  The  victory  of  Copenhagen  in  1801  was  dearly  pur- 


■  *  Hansard's  Debates/  vol.  Ivi.  p.  254. 
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chased — the  loss  in  killed  and  wounded  was  far  greater,  and  the 
ships  more  severely  damaged,  than  in  the  great  battle  of  Aboukir, 
especially  in  their  hulls ;  most  of  them  had  several  of  their  guns 
rendered  useless,  whilst  the  land-batteries  were  comparatively 
little  damaged. 

The  "  Agamemnon,"  "  Bellona,"  and  "  Eussell,"  having  run 
aground,  occasioned  gaps  in  the  British  line,  which  exposed  the 
van-ships  to  a  greater  share  of  fire  from  the  enemy's  land  and 
floating  batteries  than  was  intended ;  on  perceiving  which  the 
gallant  Kiou  in  the  "Amazon,"  with  the  frigates  "Blanche" 
and  "  Alcmene,"  and  two  sloops,  bravely  attacked  the  Crown 
batteries,  but  suffered  so  severely  that  they  were  obliged  to  haul 
off,  by  which  they  were  probably  saved  from  destruction.  If  the 
Crown  Prince  of  Denmark  had  refused  to  listen  to  Nelson's 
overtures  for  a  cessation  of  fire,'  Nelson  could  neither  have  with- 
drawn his  crippled  ships  nor  effected  his  own  retreat,  in  com- 
pliance with  the  signal  of  recall,  if  he  had  been  disposed  to  obey 
it ;  for  the  Crown  batteries,  which  had  driven  off  the  frigates, 
effectually  stopped  that  outlet.  But  the  British  fleet  on  that 
occasion  was  provided  with  powerful  bomb-ships,  which  had  taken 
position  behind  Nelson's  line,  and  which  continued,  throughout 
the  action,  to  throw  their  shells  into  Copenhagen,  over  the  ships 
in  line  of  battle,  and  might,  if  hostilities  continued,  bombard, 
and  in  great  part  destroy,  the  city  on  the  morrow.  This  the 
Crown  Prince  well  knew,  and  to  save  the  capital  from  the  horrors 
of  a  bombardment,  ordered  the  fire  to  cease. 

The  Crown  batteries  were  the  great  diflBcidties  with  which 
Nelson  had  to  contend :  to  attack  Copenhagen  from  the  south,  it 
was  necessary  to  pass  under  the  fire  of  those  powerful  works,  in 
order  to  get  into  the  King's  Channel,  an  attempt  which  was  at 
first  meditated,  but  afterwards  abandoned  for  the  puq^ose  of 
avoiding  their  fire ;  and  the  attack  was  made  through  the  pas- 
sage to  the  north  of  the  Middle  Ground,  the  ships  entering  the 
Koyal  Channel  by  the  south.  When  the  crippled  state  of  maiiy 
of  Nelson's  ships  rendered  it  advisable  to  endeavour  to  withdraw 
them  as  soon  as  possible  from  the  intricate  channel  in  which 


'  The  circumstances  under  which  wax  was  used  instead  of  a  wafer,  prove 
an  intention  to  avoid  giving  ground  for  an  opinion  that  the  letter  was  sent  off 
in  haste. 
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they  had  gallantly  fought,  but  severely  suffered,  it  was  clear  that 
the  Crown  batteries,  which  had  not  been  directly  engaged  since 
the  defeat  of  the  frigates  under  the  gallant  Eiou,  and  had  subse- 
quently been  reinforced  with  fresh  men,  would  effectually  pre- 
vent the  passage  of  any  ships  tlirough  the  outlet  which  those 
batteries  commanded :  but  Nelson  was  happily  extricated  from 
this  very  painful,  and  perhaps  perilous  predicament,  by  the  ac- 
ceptance of  his  overtures  for  a  cessation  of  fire,  or  the  result  of 
the  battle  might  have  been  somewhat  different.*  However  this 
may  have  been,  this,  at  least,  is  certain,  that  it  would  not  be 
•  prudent,  with  fleets  only,  to  repeat  such  an  attempt  against 
fortresses  or  powerftil  batteries  armed  as  all  now  are,  and  pro- 
vided with  expert  gunners  and  skilful  bombardiers.     - 

When  Copenhagen  was  attacked  in  1807,  with  a  large  military 
force,  combined  with  a  powerful  fleet,  the  place  and  all  its  sea 
defences  were  first  invested  on  the  land  side,  then  besieged,  bom- 
barded, and  captured ;  and  thus  the  naval  objects  of  the  expe- 
dition were  accomplished  without  much  difficulty,  and  with  the 
loss  of  only  56  killed  and  179  wounded  in  both  services.  The 
loss  of  the  Danes  in  killed  and  wounded  in  the  naval  and  mili- 
tary operations,  external  to  the  city,  was  much  greater :  in  the 
subsequent  bombardment^  305  houses  were  destroyed,  many 
more  much  injured,  and  2000  inhabitants,  men,  women,  and 
children,  perished :  not  a  man  was  hurt  in  the  attacking  bat- 
teries, but  an  armed 'transport^  was  blown  up  by  a  mortar-shell 
fired  from  the  Crown  batteries,  and  by  which  the  master  of  the 
transport,  2  officers,  and  28  men  were  killed  and  wounded.^ 

351.  At  Navarino  the  combined  fleet  was  permitted  to  pass 
under  the  guns  of  commanding  and  powerful  batteries ;  which, 
had  they  opened,  as  they  ought,  on  the  ships  of  a  fleet  entering 
in  this  equivocal  if  not  hostile  manner,  would  have  severely 
crippled  these  ships  before  they  could  have  got  into  position  to 
engage  the  Turkish  fleet 

352.  In  1814  a  French  80-gun  ship,  in  attacking  at  anchor  a 
2-gun  battery  in  the  Scheldt,  mounting  one  long  18-pounder 
gun  and  one  5J-inch  howitzer,  at  a  distance  of  600  yards,  was 


•  James'  *  Naval  History/  vol.  iii.  p.  74;  Dc  la  Graviere,  vol.  ii.  p.  l-f, 
ct  sro, 

^  James'  *  Xaval  History,'  vol.  iv.  p.  290. 
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beaten  ofiFwith  the  loss  of  41  men  killed  and  wounded,  besides 
being  severely  damaged  in  her  hulL  The  battery  lost  only 
1  man  killed  and  2  wounded.  No  doubt  the  howitzer  shells 
fired  from  the  battery  contributed  greatly  to  its  success,  but 
shell-firing  from  a  5^-inch  howitzer,  at  600  yards,  could  scarcely 
have  penetrated  the  side  of  an  80-gun  ship ;  it  must  have  been 
chiefly  by  the  solid  shot  of  the  long  gun  that  the  vessel  was  so 
severely  damaged  as  to  be  in  a  sinking  state.  The  ship  might, 
it  is  said,  have  been  sunk  or  captured  had  the  position  of  the 
battery  been  such  as  to  have  given  it  a  more  oblique  command 
of  the  ship. 

353.  Sir  Sidney  Smith,  in  the  "  Pompee "  of  80  guns,  with 
the  "Hydra"  of  38  guns,  and  the  "Aurora"  of  28  guns,  can- 
nonaded, at  600  or  700  yards'  distance,  a  2-gun  battery  protected 
by  a  tower ;  both  battery  and  tower  being  placed  considerably 
above  the  level  of  the  aea.  The  two  frigates  remained  under 
weigh,  and  occasionally  fired  at  the  fort,  but  without  silencing  it ; 
at  length  the  marines  landed  in  the  rear  of  the  battery ;  and  on 
their  approach  the  serjeant  in  command  of  the  post  immediately 
surreAdered.  This  shows  in  principle,  though  on  a  small  scale, 
the  advantages  of  a  combined  attack  by  land  and  sea.  The 
"  Pompee,"  having  remained  stationary  at  anchor,  had  35  men 
killed  and  wounded^  and  received  40  shot  in  her  hulL 

In  the  engagement  between  the  "  Loire  "  frigate  and  a  fort 
armed  with  12  long  18-pounders,  the  fort  being  placed  in  a  com- 
manding situation,  the  disadvantage  of  an  attack  by  sea  was 
strongly  exemplified;  the  defenders  of  the  fort  were  so  well 
covered  that  the  frigate's  fire,  though  accurately  directed^  was 
comparatively  inefifectual ;  whilst  almost  every  shot  from  .the 
fort  struck  and  penetrated  the  frigate,  so  that  in  a  very  top 
minutes  of  this  unequal  warfare,  the  "  Loire"  sustained  consii 
able  loss  (James'  *  Naval  History,'  voL  iv.  p.  135). 

354.  The  batteries  which  the  "  Christian  the  Eighth"  so 
discreetly  engaged,  were  placed  18  feet  and  12  feet  above 
level  of  the  sea.     The  first  was  armed  with  two  8-inch  g 
(French)  and  two  brass  24-pounder  siege-guns ;  and  the  sed 
with  four  18-pounders. 

The  Danish  commander  in  his  official  Eeport  states  ^ 
finding,  after  much  expenditure  of  ammunition,  the  s^ 
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suffering  greatly  from  the  fire  of  the  most  elevated  battery, 
while  that  of  the  "  Christian  the  Eighth"  and  other  vessels  made 
no  material  impression  upon  it,  he  withdrew  frt)m  his  position 
and  engaged  exclusively  the  lower  but  weaker  battery,  mounting 
four  IS-pounders.  His  ship  soon  afterwards  blew  up,  having 
been  set  on  fire  by  shells  and  red-hot  shot  fired  from  the  com- 
manding battery.  (See  Colonel  Stevens'  account  of  that  cata* 
strophe.) 

355.  From  all  that  has  been  said  respecting  horizontal  shell- 
firing  against  ships,  it  is  plain,  that  the  inability  of  fleets  or 
squadrons  to  contend  with  fortresses  and  land-batteries,  if  they 
are  properly  armed  and  their  guns  well  served,  is  much  greater 
now  than  it  was  in  the  cases  to  which  we  have  referred,  in  the 
late  war.  Nearly  half  the  armament  of  our  ships  consists  of 
ordnance  neither  designed  for,  adapted  to,  nor  capable  of  en- 
countering heavy-armed  land-batteries.  The  smashing  effects 
of  hollow  shot*  of  large  diameter,  and  the  ravaging  effects  of 
horizontal  shells  on  ships,  in  close  and  the  closest  action,  were 
the  objects  for  which  shell-guns  have  been  so  largely  introduced 
into  the  broadside-batteries  of  our  ships.  And  we  must  observe 
that  the  heavy  guns  and  solid  shot,  whose  battering  and  pene- 
trating powers  were  so  great,  and  which  formerly  stood  on  the 
lower  decks  of  our  ships,  and  the  main  decka  of  our  frigates,  have 
been  displaced  by  ordnance  incapable,  at  any  distance,  of  con- 
tending with  fortresses  (the  reader  is  requested  to  refer  to  the 
table  of  relative  penetrations  of  solid  and  hollow  shot,  Art.  250, 
p.  244).  In  fact^  the  force  of  our  wooden  walls,  applied  against 
stone  walls,  is  reduced  to  the  number  of  solid-shot  guns  which 
may  yet  remain  on  tlie  upper  decks.^     Hollow  shot  and  shells 


■  Hollow  shot  ought  only  to  be  used  (if  ever  without  being  loaded)  at  very 
limited  ranges.  At  such  ranges  their  velocity  is  suflScient,  their  smashing 
eifects,  from  their  volume,  very  great ;  and  they  possess  that  great  advantage 
of  being  more  readily  handled  than  the  solid  shot  of  equal  weight ;  but  at 
considerable  ranges,  solid  shot  are  efficient,  where  hollow  shot  would  be 
uselesj?. — Simmons,  p.  28. 

*»  It  has  been  already  stated  (Art.  217,  p.  178)  that,  since  1838,  when  the 
42-pounder  ceased  to  be  a  naval  gun,  the  largest  solid-shot  gun  in  the  British 
Navy  is  the  32-pounder,  whilst  in  other  navies  guns  of  larger  calibre  form  the 
armament  of  the  lower  decks  of  line-of-battle  ships.  Thus  it  ap|)ears  that  tlie 
real  battering  power  of  our  line-of-battle  ships  in  resi^ect  to  solid-shot  guns  is 
not  in  general  so  great  as  it  was  during  the  late  war,  when  many  of  our  ships 
carried  42-pounder8,  and,  as  James  Btatcs  in  several  places,  did  good  service 
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break  to  pieces,  and  solid  shot  frequently  split,  on  striking  walls 
of  granite  or  scarps  of  hard  stone.* 

356.  Horizontal  shells,  which  have    been   shown  to  be  so 
destructive  when  fired  from  ships,  against  ships,  will  be  very 


with  them  (the  "  Britannia  *'  for  example,  vol.  i.  p.  262).  This  reduction 
in  the  battering  power  of  our  ships  is  now  further,  very  materially,  diminished 
by  displacing  solm-shot  guns  on  the  lower  decks  and  arming  the  ships,  many 
wholly,  and  others  chiefly,  with  8-inch  shell-guns. 

The  advocates  for  retaining  the  42-pounder  in  the  United  States'  Navy 
argue  that  its  superiority  to  the  32-pounder,  in  respect  of  accuracy,  penetration, 
and  the  magnitude  of  the  fracture  it  makes,  is  nearly  as  2  to  1 ;  while,  for 
the  same  weight  of  battery,  the  32-pounder  outnumbers  the  42-pounder  only 
as  4  to  3  :  hence  the  relative  values  of  the  42-pounder  and  32-pounder  are  as 
3  to  2;     A  higher  ratio  than  that  of  the  weights  of  the  two  natures  of  shot. 

*  L*effet  des  obus  centre  la  ma^onnerie  est  a  i)eu  prds  nul ;  ils  se  brisent 
an  moment  du  choc,  ou  bien,  tire's  a  de  trfes-petites  charges,  ils  Tie  produisent 
que  des  impressions  tres-faibles.— *Metz  Experiments,'  lb34.  *Aide 
Memoire,'  p.  434.  The  like  results  were  obtained  from  the  Experiments 
of  lb39  at  Fort  Monroe.—*  United  States'  Ordnance  Manual,'  p.  372. 

From  a  summary  of  experimental  i)ractice  against  a  four-foot  square 
wrought-iron  plate  {-inch  thick,  fixed  agaiust  a  solid  granite-block  ]ilacpd 
oblique  to  the  line  of  fire  from  a  32-pounder  of  5H  cwt.  with  solid  shot,  and 
charge  10  lbs.,  in  order  to  ascertain  up  to  what  angle  it  would  deflect,  it 
appears  that  every  shot  broke  or  split  into  pieces,  'i  bus  neither  hollow  nor 
solid  iron  round-shot  will  avail  for  destroying  such  a  hard  material  (see  the 
table  helow).  Perhaps  8-inch  hollow  shot,  filled  with  lead  an<l  fired  from 
68-pounder  guns,  with  charges  increased  in  the  ration  of  the  weight  of  the  solid 
shot  of  68  lbs.  to  that  of  the  hollow  shot  filleil  with  lead,  might  produce  some 
impression  on  granite.  The  iron  or  shell  would  no  doubt  break,  but  the  lead 
would  not,  and,  the  velocities  being  ciinal,  the  momentum  of  the  blow  would 
be  greater  than  that  of  a  solid  08-lb.  shot  in  the  ratio  of  their  respective 
weights. 

Angle  of  the  surface  with  Deflection  of  the 

the  line  of  fire.  Charge.  fragments. 

10=>  ..        10  lbs. ;  shot  broke      4.^0 

12.P  ..              „ ITjo 

150  ..             „               , 13^ 

17*0  ..              „               30O 

20O  ..  „  n  210 

22JO         ..  „  „  18iO 

25^  ..  4  lbs.  „  21^0 

270  ..         10  lbs. ;  shot  broke  into  4  pieces       ..      ..     lio 

270  . .  4  lbs. ;  shot  broke  into  4  pieces,  and  many 

small  ones 21^o 

Two  rounds  were  fired  at  an  angle  of  30O,  formed  by  the  line  of  fire,  with 
the  surface  of  a  5|-inch  wrought-iron  plate,  4  ft.  square,  fixed  against  a  4  ft. 
cube  mass  of  oak,  built  of  squared  logs. 

30O  Charge  10  lbs.    The  shot  broke ;  some  pieces  went  through  the  plate, 

and  some  deflected. 
SQO  Charge  41bs.    The  shot  broke  ;  one  half  went  through  the  plate,  and 

upset  the  whole  mass  of  oak ;  the  other  half  deflected 
in  broken  pieces. 
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generally  used,  with  greater  relative  advantage,  and  more  safety 
to  the  users,  from  land-iatteries,  against  ships;  whilst  shell 
firing  from  ships  against  batteries,  and  with  percussion-shells  in 
particular,  will  produce  litde  or  no  effect  on  the  material  of 
which  the  batteries  are  formed,  whether  earth,  or  blocks  of 
granite,  and  still  less  against  the  personnel  posted  behind  para- 
pets which  cannot,  like  timber,  be  penetrated,  raf^tged,  or  set  on 
fire  by  shells.  Solid  shot  only,  witli  the  highest  charges,  should 
be  employed  against  a  stone  casemated  battery,  and  the  fire  of 
such  shot  should  be  convergent.  It  may  be  imagined  that  if  sixty 
32-pounders  (the  broadside-battery  of  a  ship  of  120  guns)  were 
fired  nearly  together,  at  a  distance  of  400  or  500  yards,  the 
momentum  would  be  sufficient  to  make  a  considerably  breach  in 
the  wall. 

In  promulgating  these  opinions,  and  giving  these  cautions, 
upon  a  matter  of,  such  vast^  and  perhaps  immediate  importance, 
the  author  is  naturally  desirous  of  availing  himself  of  the  support 
of  any  influential  and  competent  judgment  expressed  in  other 
works  which  may  inspire  confidence  in  his  conclusions;  and 
finding  in  a  recent  publication — ^Beport  on  the  National 
Defences  of  the  United  States' — some  very  remarkable  coin- 
cidences of  that  description,  he  extracts  the  following : — 

^^  So  far  as  the  new  projectiles  are  concerned,  these  have, 
relatively  to  ships,  strengthened  forts ;  for  hoUow  shot  crumble 
into  fragments,  and  strike  harmless,  when  directed  against  stone 
walls.  It  takes  solid  shot,  and  plenty  of  them,  rapidly  dis- 
charged and  concentrated  upon  or  near  one  spot,  to  batter  walls 
and  make  breaches.  On  the  other  hand,  a  few  8  or  10  inch 
shells  fired  from  forts  at  ships,  pass  through  the  side  of  any  line- 
of-battle  sliip  into  the  main  or  lower  deck,  and,  there  exploding 
amidst  the  dense  crowds  at  the  batteries,  every  fragment  multi- 
plies itself  in  countless  splinters  of  wood  and  iron ;  or,  if  a  shell 
enter  the  orlop-deck  among  the  men  passing  the  powder,  or, 
lower  still,  strike  the  water-line,  large  irregular  splinters  will 
be  torn  out,  leaving  openings  which  will  defy  all  shot-plugs. 
Changing  the  scene  to  a  steamer,  it  has  been  said  that,  com- 
pared with  a  sailing-ship,  a  steamer  has  many  more  vulnerable 
and  vital  point&  No !  ships  armed  with  hollow-shot  ordnanco 
will  do  well  to  prefer  contending  with  something  similarly  con- 
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structed.  No  ship  or  ships  can,  at  this  day,  lie  under  a  fort 
having  furnaces  for  heating  shot,  in  addition  to  its  murderous 
sheUs."^ 

The  principle  laid  down  in  this  admirable  work  on  the  national 
defences  of  the  United  States  is  that  all  assailable  points  should 
be  guarded  by  forts,  so  as  to  leave  the  naval  forces  free.  Forts 
can  be  made  impregnable  against  any  naval  force  that  could  be 
brought  against  them,  and  are  needed  for  the  protection  of  our 
fleets  while  preparing  for  hostilities  on  the  ocean.  The  govern- 
ment and  people  of  the  United  States  view  not  with  favour  the 
substitution  of  floating  batteries  for  permanent  land  defences, 
on  account  of  the  perishable  nature  of  the  former,  and  the  ineffi- 
cient state  in  which  they  may  be  when  sudden  danger  menaces. 
The  value  which  they  might  have,  if  in  perfect  order  at  the 
moment  of  being  wanted,  ceases  as  soon  as  the  occasion  which 
called  them  forth  no  longer  exists ;  and  their  speedy  decay  is 
certain.  To  leave  the  defence  of  harbours  and  other  permanent 
establishments  to  temporary  constructions  so  costly  as  ships, 
which  are  formed  of  perishable  materials,  would  be  to  .expend 
enormous'sums  in  a  manner  which  would  invite  attack  by  sea. 
If  we  rely  for  our  defence  on  our  naval  force,  no  portion  of  it 
should  be  permitted  to  leave  our  coasts  for  the  protection  of  our 
foreign  'commerce,  in  the  event  of  an  alarm  of  war  occurring. 
To  employ  our  active  navy,  in  whole  or  in  part,  for  defence, 
instead  of  strengthening  our  fortifications  and  raising  new  ones, 
would  be  to  supplant  impregnable  bulwarks  by  perishable  ones — 
a  fixed  security  by  a  changeable  one :  it  would  be  to  expose 
ourselves  to  the  chances  of  being  suddenly  left  for  a  time  without 
adequate  defence.  In  so  doing  we  should  resign  our  sense  of 
security,  and  our  confidence  of  safety ;  we  should  divert  our 
navy  from  its  highest  duty,  deprive  it  of  its  chief  honour  and 
its  chief  claim  to  the  respect  and  support  of  the  people:  we 


■  Among  the  various  propositions  made  for  the  defence  of  naval  arsenals 
and  maritime  places  in  general,  floating  batteries  made  of  iron  so  thick  as  to 
be  shot-proof  have  been  recommended  ;  and,  in  order  to  test  the  value  of  such 
constructions,  a  target,  representing  the  side  of  an  iron  floating  battery,  was 
formed  with  seven  thicknesses  of  boiler-iron,  well  bolted  and  riveted  together. 
A  shot  from  a  heavy  gun'  passed,  without  difficulty,  through  the  target,  and 
tore  out  large  fragments. — *  Report  on  the  National  Defences  pf  the  United 
States,'  1852,  page  6. 
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should  lose  the  power  of  vindicating  the  national  honour  and 
independence,  and  of  asserting  the  freedom  of  the  seas.  The 
navy  is  not  a  defensive,  but  a  protective  force. 

357.  The  attack  of  fortresses  and  powerful  land-batteries  with 
a  naval  force  only,  must  ever  be  a  hazardous,  and  perhajw  despe- 
rate, undertaking.  But  if  skilfully  combined  with  a  military 
force  sufficiently  strong  to  make  good  its  landing,  to  invest  the 
place  or  the  batteries  on  the  land  side,  to  take  the  defences  in 
reverse,  and  so  open  the  way  to  the  attack  by  sea,  the  object  of 
the  attack  will  in  general  be  successful.  But  this  mode  of  pro- 
ceeding can  only  be  applied  when  the  place  to  be  attacked  occu- 
pies a  position,  insular  or  otherwise,  of  such  extent  as  to  admit 
of  being  attacked  by  land  as  well  as  by  sea. 

In  combining  military  and  naval  operations  of  this  description, 
the  first  and  main  difficulty  to  be  encountered  is  -to  effect  a 
landing  and  establish  a  lodgment  on  the  enemy's  cocust,  in  the 
face  of  a  large  military  force,  which  ought  always  to  make  the 
most  determined  efforts  to  oppose  a  debarkation  or  prevent  a 
lodgment  from  being  made  good ;  for,  as  in  the  assault  of  a 
breach,  and  in  forciug  the  passage  of  a  river,  if  a  solid  lodgment 
be  once  established  on  the  crest  of  the  one,  or  on  the  further 
side  of  the  other,  a  fulcrum  is  obtained  which,  if  skilfully  used, 
and  supported  with  sufficient  means,  will  ensure  the  snccess  of 
the  enterprise. 

A  very  large  army  may  now  be  transported  with  great  speed 
and  convenience  in  a  very  few  large  steam-ships  to  any  seat  of 
war,  however  remote  ;  but  to  transfer  1000,  1500,  or  2000  men 
from  the  transports  to  the  shore  is  a  work  of  considerable  time, 
and  requires  great  numbers  of  boats,  specially  constructed,  for 
that  purpose.  This  preparatory  operation  cannot  be  attempted 
or  executed  imder  fire  from  the  enemy;  and,  therefore,  the 
troops  intended  to  force  a  landing  must  be  embarked  in  the 
boats  which  are  to  take  them  to  the  shore,  whilst  the  transi>orts 
are  anchored  at  a  safe  distance.  The  success  of  the  operation 
will  mainly  depend  upon  the  nature  of  the  locality  that  may  be 
chosen.  It  should  not  be  too  near  to  the  fortress  or  stronjr- 
hold  to  be  attacked,  because,  in  this  case,  the  garrisons  of  tlio 
forts  or  fortresses  might  safely  co-operate  with  the  force  in  the 
field,  to  oppose  the  landing  and  attack  the  lodgment.     Nor 
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should  the  point  of  debarkation  be  too  distant  from  the  great 
objective  of  the  expedition,  because  that  would  necessitate  a 
long  march  to  invest  the  place,  and  much  difficulty  in  getting 
up  the  siege-train  and  stores.  How  strikingly  were  these  prin- 
ciples exemplified  in  the  miseries  suffered  by  the  British  army 
during  the  invasion  of  the  Crimea  in  1854-55,  from  the  incon- 
venience of  the  harbour  at  Balaklava,  and  the  distance  from 
thence  to  the  scene  of  the  operations  before  Sevastopol  (see 
Appendix  C,  *  On  the  Naval  Operations  in  the  Black  Sea '). 

If  the  enemy  (exclusive  of  the  force  in  the  garrisons)  is  not 
strong  in  the  field,  it  might  be  advantageous  to  endeavour  to 
seize  some  capacious  bay  or  inlet  capable  of  affording  shelter  to 
the  numerous  ships,  vessels,  and  small  craft,  and  near  which 
a  fort  might  be  constructed  to  serve  as  an  entrepot  and  base  of 
operations ;  but  these  great  objects  can  rarely  be  effected  imme- 
diately :  indeed,  if  the  enemy  has  occupied  and  strengthened  the 
localities,  and  if  he  is,  moreover,  strong  in  the  field,  it  would 
not  be  prudent  to  attempt  a  landing  there.     In  this  case  some 
point,  deemed  apparently  by  the  enemy  of  minor  importance, 
should  be  sought  for — some  promontory,  with  a  nearly  level 
surface,  and  remote  from  high  lands,  having  also  water  about  it 
of  sufficient  depth  to  permit  the  boats  to  arrive  at  the  beach, 
and  to  enable  bomb-ships,  steamers,  and  gun-boats  to  cover  the 
advance   of  the  flotilla  containing  the  troops,   support  their 
landing,  and  protect  the  lodgment  they  may  form.     Having 
thus  obtained  a  footing,  and  received  such  increase  of  strength 
as  may  be  deemed  necessary,  including  field-artillery,  the  whole 
force  should  move  forward  to  meet  the  enemy  in  the  field,  and 
conquer  for  itself  some  position  which  may  afford  shelter  to  the 
fleet,  and  become  a  tete  de  debarquement  and  base  of  operations 
to  the  invading  army.    In  forcing  the  passage  of  a  river,  the 
operation  is  undertaken,  if  possible,  in  a  sinuosity  re-enterinf 
with  respect  to  the  invaders,  and  a  lodgment  is  made  upon  tl 
opposite  salient  in  the  enemy's  position ;  the  whole  interior 
that  position  is  commanded  from  the  points  in  the  possesaioii 
the  assailants,  and  consequently  the  lodgment  to  be  made 
capable  of  being  supported  and  protected     (*  An  Essay  on 
Principles,  &c.  of  Military  Bridges,'  by  Gen.  Sir  Howard  Dou 
Arts.  157,  159,  3rd  edit.).    In  like  manner,  in  order  to 
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a  footing  on  an  enemy's  coast,  a  low  level  promontory  or  salient 
should  be  chosen,  because  ships  on  each  side  of  it  may  perform 
the  same  oflBce  (commanding  the  opposite  ground)  as,  in  forcing 
the  passage  of  a  river,  is  performed  by  the  batteries  placed  at 
the  two  salient  points  which  contain  between  them  the  re-entering 
sinuosity.  The  ships  are  thus  enabled  to  support  the  lodgment 
on  the  coast  and  protect  the  flanks  of  the  troops  which  have 
gained  the  shore.  To  attempt  to  force  a  landing  in  a  bay, 
reverses  these  conditions,  for  tlie  shore  of  a  bay,  unless  it  be 
very  extensive,  cannot  be  held,  nor  even  approached,  until  both 
the  promontories  which  contain  it  are  occupied. 

358.  When  the  Duke  of  Wellington,  then  Sir  Arthur 
Wellesley,  invaded  Portugal  in  1808,  it  was  a  favourite  object 
with  the  ministry  that  the  descent  should  be  made  at  the  mouth 
of  the  Tagus.  Wellesley  decided  otherwise,  and  made  choice 
of  a  landing-place  remote  from  Lisbon,  in  order  to  avoid  the 
danger  of  a  debarkation  in  face  of  a  large  force.  He  eflected 
his  landing  at  a  part  deemed  by  the  enemy  of  minor  import- 
ance, the  mouth  of  the  Mondego  Eiver :  he  moved  forward  as 
soon  as  he  could,  fought  a  general  action,  gained  a  complete 
victory,  and  obtained  possession  of  Lisbon.  {Napier y  *  History 
of  the  War  in  the  Peninsula,'  Book  L,  ch.  4.) 

359.  For  great  operations  of  this  description  any  want  of 
mortar-shipe,  gun-boats  having  small  draught  of  water,  and  flat- 
bottomed  boats  for  landing  the  troops,  would  be  seriously  felt. 
All  the  landings  of  troops  in  the  face  of  an  enemy,  in  the  course 
of  the  great  war  with  France,  at  some  of  which  the  author  served, 
were  conducted  in  the  following  manner.  The  troops  intended 
for  debarkation  being  placed  in  the  boats  out  of  fire  of  the  shore, 
were  directed  by  signal  to  form  line  abreast  on  points  marked 
by  men-of-war's  boats,  carrying  distinguishing  pennants,  and 
containing  the  naval  officers  charged  with  the  direction  of  the 
several  divisions  of  the  flotilla,  and  the  whole  was  placed  under 
tlie  superintendence  and  command  of  a  naval  officer  of  rank. 
When  tlie  line  w£is  formed,  the  whole  moved  forward  by  signal, 
rowing  easily,  the  better  to  keep  in  line,  until  within  the  reach 
of  musketry  from  the  shore,  when  orders  were  given  to  row  out. 
1  ho  whole  of  the  operation,  from  its  commencement,  was  covered 
by  lx)inb-ships  canying  10  and  13  inch  mortars,  and  these  pro- 
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tected  the  advance  of  the  troops  by  firing  shells,  when  necessary, 
over  the  line  of  boats,  in  order  to  reach  the  beach ;  a  like  firing, 
with  increased  charges,  being  directed  against  the  enemy's  sup- 
ports in  rear  of  the  troops  disputing  the  landing :  at  the  same 
time  gun-boats,  drawing  little  water,  placed  on  the  flanks  of  the 
operation,  scoured  the  beach  upon  wliich  the  troops  were  to 
land.  Whilst  these  operations  were  being  Executed,  the  fleet  of 
line-of-battle  ships  remained  at  a  distance  in  reserve,  unscathed 
and  ready  to  take  their  part  in  the  ulterior  operation  when  the 
proper  time  arrived. 

When,  in  1801,  the  British  army  under  Sir  Balph  Abercrombie 
arrived  in  Aboukir  Bay,  and  the  weather,  at  first  tempestuous, 
became  calm  enough  to  permit  the  troops  to  land.  General  Aber- 
crombie, who  had  himself  reconnoitred  the  coast  in  a  small 
vessel,  gave  orders  for  the  first  division,  consisting  of  6000  men, 
to  prepare  for  landing  early  on  the  following  morning  (March  8). 
The  preparations  could  not  be  made,  however,  without  attracting 
the  notice  of  the  French ;  and  these  disposed  themselves,  with 
a  numerous  force  of  infantry,  cavalry,  and  artiUery,  to  prevent 
the  invaders,  if  possible,  from  gaining  the  shore.  The  "Fury  " 
and  the  "Tartarus"  bomb-vessels,  with  sloops  and  gun-boats, 
were  appointed  to  protect  the  landing  of  the  force,  and,  though 
they  suflfered  severely  from  the  fire  of  the  French,  the  troops 
succeeded,  though  with  difficulty,  and  only  in  detached  pairties, 
in  making  good  their  landing.  The  enemy  retired,  and,  on  the 
21st  of  the  same  month,  the  battle  of  Alexandria,  in  which  Sir 
Kalph  Abercrombie  fell,  took  place. 

360.  When  the  place,  fortress,  or  arsenal  to  be  attacked  is 
covered  and  protected  by  isolated  points  of  defence,  mutually 
protecting  each  other,  and  when  no  previous  military  operation 
can  be  made,  those  points  or  outposts  should  be  attacked  in 
detail  and  successively  reduced;  after  which  the  fleet  may 
arrive  at,  and  attack  the  main  position.  This  must  evidently  be- 
a  protracted  and  difficult  process  even  with  such  means :  with 
ships  alone  it  cannot  be  effected  without  severe  loss  and  damage ; 
and  it  should  always  be  remembered,  that  many  of  the  attacking 
ships  would  be  severely  injured,  probably  disabled,  in  the  attempt^ 
whilst  the  enemy's  fleet  would  remain  untouched  and  in  reserve. 
It  would  therefore  follow,  that  the  attacking  fleet  must  be  exposed 
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to  a  very  disadvantageous  action  with  the  enemy  in  the  event  of 
the  latter  subsequently  leaving  his  place  of  shelter. 

In  the  Walcheren  campaign — ill-fated,  unfortunate  expedi- 
tion! yet  in  this  respect  instructive — it  was  at  first  intended 
that  the  fleet,  consisting  of  10  sail  of  the  line  and  11  first-class 
frigates,  should  at  once  force  the  passage  of  the  West  Scheldt, 
and  cannonade  Flushing.  But  Sir  Richard  Strachan  very  judi- 
ciously determined  to  remain  in  the  offing  until  the  place  should 
be  invested  on  the  land  side,  and  the  batteries  of  attack  ready 
to  open.  Thus  the  place,  not  having  been  invested  on  the  sea- 
side, became  a  tite  to  Oadsand,  from  whence  reinforcements  to  a 
large  amount  were  sent  over  to  Flushing,  until  the  frigates  had 
forced  the  passage  and  intercepted  the  water-communication 
between  Cadsand  and  that  town.  When  all  was  ready,  a 
powerful  and  irresistible  combined  attack  was  made  upon  the 
place  by  the  naval  and  military  forces,  and  it  surrendered  the 
next  day.  Neither  of  the  forces,  however  considerable,  could 
have  succeeded  singly  in  reducing  the  place.  No  military  force, 
without  the  co-operation  of  the  fleet,  could  have  reduced  the 
WCy  which  was  capable  of  being  supported  to  any  extent  by  sea ; 
and  the  naval  forces,  without  the  co-operation  of  the  army,  would 
have  been  crushed  by  the  artillery  of  the  place,  exclusively 
directed  against  theuL 

361.  The  capture  and  destruction  of  Bomarsund,  with  little 
loss,  and  in  a  very  short  time,  by  the  skilful  manner  in  which 
the  military  and  naval  forces  co-operated  with  each  other  in 
those  operations,  are  satisfactory  illustrations — may  they  prove 
happy  omens! — of  the  success  which,  as  stated  in  Art.  357, 
p.  364,  and  Art.  362,  p.  371,*  will  usually  attend  all  such  well- 
concerted  undertakings.  The  forts  were  breached,  and  the  for- 
tress reduced  to  the  necessity  of  surrendering,  by  a  few  powerful 
solid-shot  guns  landed  from  the  ships  of  the  combined  fleet. 
Shell-guns  and  hollow  shot  could  not  have  effected  this,  whether 
fired  from  the  land  or  from  ships'  batteries.  It  is  no  disparage- 
ment to  the  naval  forces  to  assert  that  they,  alone,  could  not 
have  demolished  the  defences  of  Bomarsund  in  so  short  a  time, 


■     In  the  articles  to  which  these  figures  refer,  these  results  are  fully  i>rc- 
dicateJ. 
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and  not  witliout  much  damage  to  the  ships.  The  firing  of  shot 
and  shells  from  the  French  and  Engliah  ships,  at  long  rangea, 
caused  no  serious  injury ;  but  the  breaching  of  the  forts,  and  the 
skilj'ul  establishment  of  a  bread ling-battery  within  400  yards 
of  the  rear  of  the  fortress,  rendered  all  further  resistance  vain. 
Major-General  Sir  Harry  Jones  states,  in  his  official  despatch, 
tliat  the  interior  of  the  place  showed  that  the  fire  of  the  sliips 
did  such  trifling  injury,  that  the  governor,  with  so  strong  a 
garrison  in  a  well-casemated  work,  and  without  a  breach  having 
been  formed,  ought  not  to  have  surrendered ;  but  the  batteries, 
armed  with  32-pouuder  British  guns,  beuig  ready  to  open,  and  the 
forts  destroyed,  Bomarsuud  was  no  longer  defensible.  The  British 
admiral  exercised  a  wise  discretion  in  not  exposing  the  ships  of 
the  combined  fleet  to  the  severe  damage  they  would  have  sus- 
tained by  recklessly  advancing  under  the  fii-e  of  the  enemy's 
seaward  batteries ;  and  having  conducted  with  admirable  skill 
the  whole  ileet  through  the  intricacies  of  the  channels  leading 
to  the  point  of  attack,  and  arranged  with  his  gallant  allies  and 
associates  the  plan  of  operations,  he  did  right  to  leave  to  the 
land-batteries  to  do  what  they  so  well  and  skilfully  accomplished, 
and  to  keep  the  fleet  in  reserve,  upon  the  principle  that  the  sea- 
ward fronts  of  such  forts  being  always  thicker  and  stronger  than 
the  works,  if  any,  which  enclose  them  in  the  rear,  should  never 
be  attacked  in  front  if  by  any  means  they  can  be  turned  and 
battered  in  the  reverse.  Thus  there  can  be  no  question  that 
the  place  was  taken  by  tlie  land  attack  under  Marshal  Baraguay 
d'Hilliers,  and  the  skUful  engineers,  Major-General  Sir  Harry 
Jones  and  General  Niel ;  and  by  means  so  effectual,  tlmt,  without 
any  other  assistance  from  the  naval  forces  than  the  loan  of  a  few 
of  their  solid-shot  guns,  and  that  of  investing  tho  place  by  sea, 
to  prevent  succours  from  being  thrown  in,  Bomarsund  must  have 
fallen.  Authentic  information,  for  the  accuracy  of  which  tlie 
author  vouches,  enables  him  to  state  that,  in  respect  to  tlie 
effects  of  the  solid  shot  on  the  granite,  with  which  the  walls 
were  faced,  the  French  guns  made  no  impression  on  the  blocks 
when  they  were  struck  perpendicularly  in  the  middle  of  their 
faces  ;  nor  did  the  shot  fired  from  the  more  powerful  3'2-poundep 
British  guns  split  the  granite  when  so  struck.  When,  however, 
the  blocks  were  hit  by  the  latter  uear  the  edge,  or  on  a  joint  of 
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masonry,  they' were  displaced,  the  joints  penetrated,  the  wall  the 
shaken ;  and  this  not  being  backed  with  solid  masonry,  but 
filled-in  with  rubble,  the  mass  was  thrown  down  and  a  practi- 
cable breach  formed.  This  successful  operation  is  very  gene- 
rally, but  erroneously,  stated  to  have  been  effected  by  the  fire  of 
the  ships,  and  is  even  strongly  held  up  as  a  proof  of  what  ships 
can  do,  and  ought  to  attempt,  alone,  elsewhere.  But  the  results 
of  the  experimental  firing  at  the  remnant  of  the  fort  which, 
unless  the  previous  firing  of  the  ships  during  the  attack  was 
absolutely  harmless,  must  have  been  somewhat  damaged,  and 
moreover  shaken,  by  the  blowing  up  of  the  contiguous  portions, 
do  not  warrant  this  conclusion,  even  should  the  attacking  ships 
be  permitted,  like  the  "Edinburgh,"  to  take  up,  quietly  and 
coolly,  positions  within  500  yards,  and  then  deliberately  com- 
mence and  continue  their  firing,  without  being  fired  at !  (Art  345, 
p.  353  at  top,  and  Art  347.)  The  firing  of  the  "  Edinburgh," 
at  1060  yards,  was  unsatisfactory :  390  shot  and  shells  were  fired 
from  the  largest  and  most  powerful  guns  in  the  British  navy 
(viz.  from  the  Lancaster  gun  of  95  cwt.,  with  an  elongated  shell 
of  100  lbs. ;  from  68-pounder8  of  95  cwt  and  32-pounder8  of  56 
cwt,  solid-shot  guns ;  from  10-inch  shell-guns  of  84  cwt,  with 
hollow  shot  of  84  lbs. ;  from  8-inch  shell-guns  of  65  and  60  cwt, 
with  hollow  shot  of  56  lbs.),  but  did  little  injury  to  the  work. 
At  480  yards,  250  shot,  shells,  and  hollow  shot  were  fired:  a 
small  breach  was  formed  in  the  facing  of  the  outer  wall,  of 
extremely  bad  masonry,  and  considerable  damage  done  to  the 
embrasures  and  other  portions  of  the  wall ;  but  no  decisive  result 
was  obtained— no  practicable  breach  formed  by  which  the  work 
might  be  assaulted,  taken,  and  effectually  destroyed  (Art  363), 
although  640  shot  and  shells  (40,000  lbs.  of  metal)  vf&te  fired 
into  the  place,  first  at  1060  and  then  at  480  yards.  Several 
casemates  had  fallen  in,  the  embrasures  not  having  been  made 
high  enough  to  admit  of  giving  the  guns  sufiScient  elevation  for 
very  distant  firing,  in  attempting  which  the  key-stones  were 
actually  blown  out,  the  casemates  ruined,  and  their  guns  ren- 
dered useless.  The  Lancaster  shells,  of  which  such  liigh  expec- 
tations were  entertained,  failed  signally  in  precision  of  fire, 
even  at  480  yards,  and  evidently  cannot  be  depended  upon, 
even  when  fired  from  a  large  and  steady  ship.    What  then  can 
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be  expected  from  tJiose  guns  and  projectiles,  at  5000  yarda, 
when  fired  from  the  side  of  a  crank  Despatclj  gim-boat  ?  (Art 
371).  Sliella,  whether  percuBsion  or  time  fuzed,  and  hollow 
shot,  broke  on  Btrikiug  the  granite  (Art.  355,  and  Art  356 
p.  362) ;  and  it  was  found  that  percussion-sheila  could  be  of  no 
use  in  such  a  case  (pp.  313,  329,  at  bottom),  whereas  time-fiized 
ahelis  might  produce  their  effects  upon  the  personnel  in  the 
interior  of  the  fort,  by  entering  a  casemate  through  an  embra- 
sure, and  then  exploding.  It  is  of  very  great  importance  that 
the  facts  of  the  case  should  be  rightly  understood,  lest  wrong 
notions  should  induce  the  attack  of  more  formidable  places 
which  do  not  admit  of  military  co-operation,  with  ships  alone ; 
and  which  the  author  repeats,  now  more  confidently  than  ever, 
would  be  a  desperate  and  perilous  experiment. 

362.  When  the  fortress  or  arsenal  to  be  attacked  ia  situated 
on  a  coast  which  may  be  approached  from  the  open  sea  in  any 
direction,  steam-sliips  may  avoid  the  danger  of  a  direct  attack, 
end-on  or  oblique,  by  approaching  tlie  place  on  either,  or  perhdpa 
on  both  sides ;  and,  having  gained  the  proper  proximity,  clear 
of  raking  or  di^onal  fire,  may  range  quickly  up  in  parallel 
order,  to  attack  the  place  in  line  or  lines.  So,  in  steam  warfare, 
ship  against  ship  or  fleet  against  fleet,  direct  advances  upon  the 
broadside-batteries  of  ships,  may,  upon  the  same  principle,  be 
avoided,  and  the  enemy  be  attacked  in  parallel  order,  by  ranging 
up  to  him,  if  the  attacking  ships  are  superior  in  speed,  and  forcing 
him  to  fight. 

Buf^  when  the  fortress,  arsenal,  or  place  to  be  attacked,  ia 
only  approachable  by  a  narrow  and  intricate  channel,  through 
which  sliips  can  only  pass  singly,  or  nearly  so,  there  can  be  no 
manoeuvring  for  position.  There  is  is  no  way  of  avoiding  being 
met,  first  by  direct,  then  oblique,  and  ultimately  by  raking  fire 
from  the  batteries  that  defend  the  channel ;  and  steam  can 
only  perform  its  office  of  propulsion  into  or  through  the  intri- 
cacies, and  under  disadvantageous  and  hazardous  circumstances. 
Steam-ships  might,  indeed,  run  past  any  advanced  or  covering 
batteries  at  fall  speed,  without  lijiing  much  damaged ;  but  it 
would  be  extremely  perilous  to  leave  such  forts  uusilenced  in 
their  rear ;  and,  unless  the  daring  enterprise  should  succeed,  like 
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Nelson's  at  Copenhagen,  to  produce  a  cessation  of  hostilities,  the 
fleet,  or  at  least  any  disabled  ships,  could  never  get  out  again. 

363.  However  successful  a  naval  attack  of  a  fortress  or  arsenal 
may  be,  the  work  of  destruction  can  never  be  eflectually  accom- 
plished by  ships.  The  sea-defences  may  be  silenced,  guns  dis- 
mounted, parapets  ruined,  magazines  blown  up  by  mortar-shells, 
and  habitations  devastated  by  the  cruel  process  of  bombard- 
ment ;  but  no  substantial  demolition  of  the  defences,  or  material 
destruction  of  public  works  and  property,  can  be  eflfected  unless 
the  damages  inflicted  by  the  attacks  of  ships  be  followed  up  and 
completed,  by  having  actual  possession  of  the  captured  place  for 
a  suiBScient  time  to  ruin  it  entirely.  No  naval  operation,  how- 
ever skilfully  planned  and  gallantly  executed,  can,  alone,  reap 
the  fruits  of  its  victory. 

In  the  desultory  operations  of  small  active  steamers,  em- 
ployed, with  their  pivot-guns,  to  shell  open  towns,  roadsteads^ 
harbours,  and  slender  buildings,  magazines,  stores,  &c.  &c.,  or 
to  shell  bodies  of  troops  on  shore,  the  attacking  vessels  should 
never  anchor,  but,  having  given  their  end-on  fire,  go  oflF  at  speed 
to  reload,  and  prepare  to  take  up  the  fire  in  turn  with  others, 
whenever  they  regain  a  favourable  position  for  a  good  effect. 
To  hit  a  steamer  running  with  speed  across  a  line  of  fire  is  no 
easy  matter ;  and,  when  in  the  end-on  position,  she  presents  but 
a  small  target  to  be  hit  at  a  long  range. 

364.  But  the  attack  of  such  comparatively  insignificant  places 
by  horizontal  or  howitzer  shell-firing,  is  a  very  different  affair 
from  the  regular  attacks  of  formidable  fortresses,  naval  or  mili- 
tary stations,  or  other  defences  solidly  constructed,  and  eflSciently 
armed  and  manned,  by.  the  broadside-batteries  of  line-of-battle 
ships,  or  from  their  bombardment  by  sea-service  mortars  which 
still  figure  in  the  list  (Table  XXIV.,  Appendix  B)  of  ordnance 
in  use  in  the  Naval  service,  though,  for  using  them,  no  bomb- 
ships  exist.  There  can  be  no  skirmishing  with  huge  line-of-battle 
ships.  When  these  are  employed  to  attack  fortresses,  they  must 
do  so  at  anchor,  after  they  shall  have  attained  favourable  posi- 
tions in  sufficient  proximit)^.  They  then  become  stationary 
floating  batteries,  large  targets  to  fire  at,  and  scarcely  can  be 
missed.     This  will  assuredly  invite  retrospect  to  the  defence  of 
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Gibraltar,  and  the  destruction  of  the  Spanisli  floatiug-hatteriee, 
by  red-hot  eliot, 

365.  The  disuse  of  mortare  in  the  British  navy  is  founded 
upon  the  belief  that  sea^service  howitzers  will  supersede  them 
in  naval  bombardments ;  while  mortars  are  retained  in  the  land- 
service,  as  iodispensftbly  necessary  in  sieges  and  bombardments, 
for  important  piu:poBe8  which  cannot  be  effected  without  them, 
whether  the  attack  be  made  by  land  or  by  sea. 

AVe  have  seen,  p.  151,  tliat,  in  1851,  a  range  of  4866  yards 
was  obtained  with  an  escentric  shell  fired  from  a  10-inch  gun  at 
an  elevation  of  32° ;  and  that  in  1852,  p.  152,  a  range  of  5860 
yards  was  obtained  with  an  elevatiou  of  32°  from  a  new  10-inch 
gun  of  116  cwt.  cast  for  the  purpose  of  those  experimeuta.  But 
these  great  elevations  are  so  trying  to  the  gun  (at  the  round 
next  after  that  which  produced  the  maximum  range  the  gun 
burst),  and  so  straining  to  the  ship,  unless  she  is  so  well  trussed 
in  her  framework  as  to  give  her  longitudinal  strength  to  bear 
the  pressure  of  so  heavy  a  gun  placed  over  a  fine  bow,  or  at  the 
stem  over  a  clean  run,  that  these  high  elevations  cannot  easily 
and  safely  be  used."  These  guns  may  be  found  useful  in 
"  shelling  "  towns,  roadsteads,  open  batteries,  and  troops  on  shore 
at  great  distances ;  but  how  far  they  are  fit  to  supersede  mortars 
in  the  attack  and  bombardment  of  large  fortresses  and  arsenals, 
is  another  question.  In  this  case  small  elevation  is  a  disadvan- 
tage ;  there  is  too  much  horizontality  in  the  trajectory  to  pro- 
duce the  crushing  effects  of  bomb-sheUs.  The  shell  wants  that 
tremendous  force  which  can  only  be  acquired  by  the  descent 
of  murtar-shells  fired  at  the  elevations  which  produce  their 
greatest  range  (42°  or  45°),  when  they  fall  with  force  sufBcient 
to  penetrate  into  any  building,  and  finish  their  course  with  the 
destructive  effects  of  a  mine.  Shells  fired  horizontally  from  any 
oi-dnance,  however  useful  in  shelling  places  of  minor  importance^ 
are  not  efficient  substitutes  for  mortar-shells  for  purposes  of 
bombardment,  A  bomb-ship  may,  without  much  exposure,  do 
gi'eat  damage  to  an  extensive  fortress  or  arsenal,  which,  being  a 
large  object,  ought  to  be  struck  at  every  discharge  at  upwards 
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"  This  wns  nrnply  verified  by  the  butsting  of  ooe  of  these  guns  at  Shoebury 
Ness,  lath  October,  1854, 


■  374  NAVAL  OtlNNERT.  PabtE 

of  4000  yards,  whilst  she  is  a  mere  speck  on  the  eea  at  that 

great  distance.  (Ward,  p.  48.)  The  French  mortare  did  good 
service  in  the  atteck  of  Boraarsund  by  land :  the  powerful  effect 
of  the  descent  of  their  shells  into  the  forts  was  particularly 
noticed.  Sir  Charles  Napier  reports  (19th  Aug.)  that  they 
never  missed,  and  contributed  largely  to  the  reduction  of  tlio 
place.  The  flre  from  mortars  destroyed  the  magazines  and 
arsenals  at  Sveaborg  in  1S54,'  and  the  French  might,  with  a 
great  probability  of  gaining  the  end,  have  sent  some  of  the 
Bombardee,  which  they  wisely  retain  in  their  Naval  service,  to 
the  attack  of  Cronstadt  and  Sevastopol.  lu  the  bombardment 
of  Sevastopol  mortar-ships  would  have  been  of  more  use  than 
the  Despatch  gun-boats,  by  tJirowing  bomh-sh((lls  of  100  lbs. 
weight  into  the  arsenal  over  the  surrounding  heights,  covering 
the  dockyard  from  any  horizontal  firing,  and  screening  the 
arsenal  from  being  seen. 

3(36.  The  fortifications  which  defended  the  harbour  of  Sevas- 
topol at  the  time  of  the  attack  made  on  those  works  by  the 
allied  fieet,  October  17th,  1854,  were : — on  the  northern  side.  Fort 
Constantine,  near  the  water's  edge,  on  which  were  mounted 
101  guns;  the  Telegraph  battery,  mounting  17  guns;  and  the 
Wasp  battery,  6  guns :  both  of  these  works  were  considerably 
elevated  above  the  sea-level,  and  there  were,  besides,  several 
other  batteries  of  earth  which  were  armed  with  artillery.  On 
the  southern  side  were, — Fort  Alexander,  mounting  50  guns,  and 
the  Quarantine  battery,  51  guns,  both  of  which  were  near  the 
level  of  the  sea,  besides  the  battery  of  54  guns,  on  high  ground. 

The  British  admiral.  Sir  Edmund  Lyons,  in  the  "  Agamem- 
non," supported  by  the  "  London  "  and  the  "  Sanspareil,"  took 
up  a  position  opposite  to  an  angle  of  Fort  Constantine,  at  the 
distance  of  800  yards,  while  Captain  Symonds,  of  the  "  Are- 
thnsa,"  disposed  his  ship,  with  the  "  Albion,"  the  "  Sphinx,"  and 
the  "  Terrible,"  opposite  the  Wasp  and  the  Telegraph  batteries ; 
the  "  Arethusa"  being  abeam  of  the  former  battery,  which  was 


*  The  boMbardmaot  of  OJesM,  in  the  anrae  yenr,  lasted  five  hour*,  and  was 
effected  by  givtrig  the  pieces  hi|^  dovations,  and  usiiig  Congreve  rockela. 
At  the  boiabordment  of  Sveaborg  shells  were  fired  from  mortars  nt  high 
olovations,  at  llie  distance  of  2L'00  yards,  conjoinlly  with  shot  from  giius  of 
bng  raBge  ;  this  bombardmt'nl  continuud  during  forty-fivo  hours. 
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on  a  cliff,  100  feet  above  tho  soa-level,  at  650  yards'  distance. 
The  French  line  was  anchored  head  and  stem,  at  1400  yards 
from  the  Russian  forts  on  the  south  side,  extending  across  tho 
entrance  of  the  harbour,  and  between  this  and  the  British  Hne 
the  Turkish  fleet  was  disposed.  Each  of  the  sailing  ships  of  war 
was  led  to  its  station  by  a  steamer  lashed  alongsida,  to  enable  it 
to  moye  independently  of  the  wind.  \ATiile  the  British  sliijis 
were  taking  up  tlieir  positions,  a  shell,  supposed  to  have  been 
tlirown  from  the  "  Terrible,"  caused  a  great  explosion  in  Fort 
Constantine,  by  which  all  its  barbette  guns  were  at  once  silenced. 
Tiie  W^p  battery  was  also  for  a  time  silenced  by  the  "  Are- 
tliusa,"  two  of  its  guns  being  dismounted  and  tlie  men  obliged 
to  retreat  to  a  trench  in  its  rear ;  tliat  sldp  bad,  howeTer,  been 
previously  plunged  into  by  the  fire  of  the  fort ;  one  shell  buret 
on  the  main  deck,  and  knocked  down  two  guns'  crews ;  anotlier 
knocked  three  cabins  into  one  on  the  lower  deck,  and  burned  a 
bed  which  was  close  to  200  sheila ;  a  third  blew  seven  planks 
out  of  the  bends,  so^at,  bad  there  been  much  sea,  the  ship 
must  have  sunk ;  and  a  fourth  buret  in  the  timbers  at  the  wat«r- 
iine.  The  "  Albion  "  had  not  fired  above  two  or  three  rounds, 
after  anchoring,  before  four  or  five  shells  burst  on  board  and  set 
her  on  fire,  in  which  state  she  was  towed  off  by  tho  "Firebrand." 
Captain  Symonds  is  of  opinion  that,  if  the  explosion  in  Fort 
Constantine  had  not  occurred,  the  British  ships  would  have 
suffered  to  a  fearful  extent. 

The  French  ships  made  great  impression  on  some  of  the 
works  opposed  to  them.  The  Quarantine  Fort  was  so  injured, 
at  the  end  of  an  hour  from  the  commencement  of  the  action, 
that  its  fire  sensibly  slackened ;  bat,  on  the  side  of  the  French, 
there  was  but  a  limited  supply  of  ammunition,  so  that  the  action 
was  in  a  degree  suspended ;  and  the  ships  of  both  fleets  baviug 
suffered  severely,  at  night  they  withdrew. 

The  Russians  are  said  to  have  lost  1000  or  1200  men,  from 
the  fire  of  the  French  ships  which  were  opposed  to  them,  while 
the  French  had  350  killed  and  wounded ;  a  very  small  loss,  con- 
sidering the  force  against  which  they  had  to  contend.  But  the 
only  advantage  which  resulted  from  this  naval  attack  was  the 
diversion  created  in  favour  of  the  land  armies  by  occupying; 
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during  Beveral  hours  the  atteatJoQ  of  a  considerable  portion  of 
the  enemy's  troops. 

With  respect  to  the  relative  effects  produced  by  ships  of  war 
and  land-batteries  when  opposed  to  each  other,  the  naval  attack 
of  the  forts  which  protected  the  harbour  of  Sevastopol,  just 
described,  is  that  alone  from  which  any  just  ideas  on  tlie  subject 
can  be  obtained.  We  have  seen  what  was  the  effect  of  the  fire 
from  the  northern  forts  on  the  British  fleet.  The  southern 
batteries  were  armed  with  300  pieces  of  artillery,  of  which  150 
could  be  directed  against  the  15  French  ships  which  were 
opposed  to  them ;  consequently  each  ship  had  to  sustain,  on  an 
average,  the  fire  of  10  guns ;  yet  the  battle  continued  till  night, 
and  the  hail  of  projectiles  from  the  ships  caused  great  loes 
among  the  gunners  in  the  batteries.  Admiral  Bouet  Willaumez 
states,  in  his  work  '  Batailles  de  Terre  et  de  Mer,'  tliat  the  ship 
temporarily  commanded  by  the  Capitaine  Dompiere  d'Homoy 
received  in  its  hull  41  sheila  or  shot,  some  of  which  were  red- 
hot,  and  nearly  as  many  in  its  masts  or^gging ;  the  ship  was 
not  put  hora  de  combat,  though  the  splinters  of  the  shells  killed 
or  wounded  many  of  the  crew :  the  shcUs  occasionally  set 
objects  on  fire,  but  the  flame  was  easily  extinguished ;  the  shot 
wliich  struck  near,  or  below,  the  water-line  filled  up  the  holes 
which  themselves  had  made  by  lodging  in  the  ship's  side. 

The  distance  of  the  "  Britannia "  from  Fort  Constantine,  as 
stated  by  Major-General  Brereton  in  his  pamphlet '  The  British 
Fleet  in  the  Black  Sea '  (p.  SI),  was  about  ItiOU  yards.  At  that 
distance  the  only  shot  that  could  be  considered  efficient  were 
710  which  were  fired  from  the  32-pounder8  of  56  cwt,,  with 
charges  of  10  lbs.  of  powder.  Seven  hundred  rounds  fired  from 
the  second-class  32-pounder8  with  8  lbs.  of  powder  produced 
little  effect,  and  850  shot  from  the  third-class  32-pounders,  with 
6  lbs.  of  powder,  were  useless.  Three  hundred  and  twenty  hollow 
shot  flred  from  8-incli  guns  produced  no  effect,  as  they  broke  on 
striking  the  wall ;  and  all  the  shells  fired,  whether  with  time- 
fuzes  or  Moorsom's  fuzes,  were  wholly  inefficient  It  may  hence 
be  seen  how  inadequate  was  the  battering  power  of  the  British 
fleet,  and  the  same  may  be  said  of  the  French  fleet,  to  contend 
with  stone  walls.     Had  the  armaments'  of  the  fleets  consisted 
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wliolly,  or  nearly  so,  of  powerful  solid-aliot  giins,  the  effect  of 
the  four  hours'  cannonading  would,  in  all  probability,  have  been 
vei7  different.  The  disappointment  which  the  nation  felt  at  the 
result  of  thia  action  was  heightened  in  consequence  of  an 
erroneous  opinion  having  been  entertained  that  ships  possessed, 
necessarily,  battering  powers  in  proportion  to  their  magnitndes. 

307.  The  Government  of  this  country,  roused  at  length  to  a 
sense  of  the  importance  of  having  a  numerotis  flotilla  of  gim- 
vosaels,  of  dimensions  which  would  permit  them  to  manceuvre  in 
shallow  water,  caused  a  considerable  number  of  such  vessels  to 
be  constructed  during  the  late  war  with  Bussia  (1854-5),  and  it 
was  intended  that  they  should  be  extensively  employed  in  the 
Baltic  and  the  Black  Seas.  One  Idnd  of  these  vesaels,  which 
were  called  Despatch  gun-boat»,  were  from  180  to  200  feet  in 
length,  and  from  28J  to  30^  feet  in  breadth  ;  their  draught  of 
water  was  11  feet  4  inches,  and  their  burthen  150  tons.  They 
were  intended  to  penetrate  into  creeks,  or  move  along  a  shore 
to  which  larger  vessels  could  not  approach.  They  are  propelled 
by  screws,  and  their  horse-power  is  160.  Their  great  length  in 
proportion  to  their  breadth  is  a  serious  cause  of  weakness,  as  it 
is  very  difficult  to  tie  them  well  together  in  midships,  and  they 
are  very  liable  to  twisting  strains  in  heavy  seas.  The  guns  are 
mounted  on  pivot- carriages  and  slides,  in  the  body  of  the 
ship  ;  one  abaft,  and  the  other  before  the  funnel.  In  voyaging, 
the  gnns  are  housed,  longitudinally,  in  the  middle  of  the  deck. 
For  action  on  either  side,  the  slide  carrying  the  gun  is  made  to 
traverse  upon  a  rear  pivot,  to  take  up  the  fighting-bolt  on  the 
side  to  be  engaged,  and  then  turned  into  the  position  for  broad- 
side action.  The  ports  are  aufBciently  wide  to  admit  of  the 
guns  being  traversed  upon  tlieir  fighting-points,  to  about  an 
angle  of  56°  before  «r  abaft  the  beam,  forming  altogether  a 
sector  of  112°  on  the  horizontal  plane,  upon  which  tlie  guns  may 
fire ;  so  that  there  remains  a  sector  of  34°  on  each  side,  on  which 
there  is  no  fire,  which  leaves  a  dead  sector  of  fiS"  ahead  and 
astern,  upon  which  the  guns  cannot  be  brought  to  bear,  a  defect 
which  would  not  be  at  all  compensated  by  installing  4jJ  inch 
brass  howitzers  in  the  bow-ports.  The  arrangements  for  turning 
tlie  giins  into  their  fighting  positions  appear  to  be  Tery  com- 
pliciited.     To  tuni  the  gun  into  action,  on  either  side,  the  rear 
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housing-bolt  is  first  disengaged  from  the  socket,  and  the  tra- 
versing platform  turned  upon  its  front  housing-bolt,  to  take  up 
a  rear  turning-point  established  on  the  deck,  on  that  side  of  the 
middle  line  of  the  ship  on  which  she  is  to  be  engaged,  and  so 
placed  as  to  be  equidistant  from  the  front  housing-bolt  and  the 
fighting  point  on  that  side :  the  former  centre  being  then  dis- 
engaged, the  platform  is  turned  upon  the  rear  point,  to  take  up 
the- fighting-bolt  in  the  centre  line  of  the  port,  when,  the  rear 
point  being  disengaged,  the  gun  is  ready  for  action.  Thus  two 
operations  are  required  to  move  either  gun  from  its  housed 
position,  into  that  for  action,  and  the  same  operations,  in  the 
reverse,  to  r©-hbuse  the  gun.  To  shift  the  gun  from  one  side 
of  the  ship  to  the  other  requires  therefore  four  operations; 
whereas  if  the  rear  housing-bolt  were  placed  equidistant  frx)m 
the  other  and  from  both  fighting-points,  the  gun  might  be  simply 
turned  into  position  for  action  on  either  side,  or  wheeled  on  that 
centre  from  one  side  to  the  other  without  difficulty,  and  in  much 
less  time. 

868.  It  is  no  doubt  a  serious,  and  may  be  a  fatal  defect  in  the 
armament  of  these  vessels,  that,  whether  chasing  or  chased,  they 
cannot  bring  their  guns  to  bear  upon  the  enemy's  ship  but  by 
means  of  the  helm,  which  would  have  the  effect  of  losing  distance 
from  the  vessel  pursued,  or  from  that  pursuing.  Fighting-pivots 
are  indeed  established  at  each  of  the  bow-ports ;  but  besides  the 
difficulty  of  transporting  a  gun,,  which,  together  with  its  carriage 
and  slides,  weighs  7  or  8  tons,  it  is  the  opinion  of  many  expe- 
rienced naval  constructors  that  the  fine  and  lean  bows  of  these 
vessels  have  neither  displacement  nor  longitudinal  strength, 
however  well  trussed,  to  bear  that  weight,  far  less  to  resist  the 
shock  of  an  elevated  discharge  of  the  gun.  Sensible  of  this,  an 
expedient  of  a  novel  and  somewhat  startlii%  character  has  been 
proposed — ^possibly  for  serious  emergencies  which  cannot  other- 
wise be  met — ^viz.  to  establish  other  fighting-points  on  the  decks, 
so  that  the  guns  may  be  turned  into  positions  parallel  to  the 
keel,  and  so  fire  ahead  over  the  bows,  or  astern  over  the  taff- 
rail,  as  the  case  may  require.  But  it  is  clear  that  this  cannot 
be  done  unless  the  guns  are  fired  at  high  elevations,  especially 
the  gun  firing  ahead,  on  account  of  the  rise  of  the  bow  of  the 
ship ;  and  consequently  this  expedient  is  not  available  when  the 
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enemy  is  near.  The  pivot  of  the  foremost  gun  being  about 
60  feet  from  the  bow  of  the  vessel,  the  blast  from  the  discharge 
of  the  gim  would  sweep  over  all  the  fore  part  of  the  deck ;  a  shot 
might  pass  close  over  the  head-rails,  without  damage  to  the  ship ; 
but  it  remains  to  he  seen  whether  the  bulwarks  would  not  be  in- 
jured or  blown  down,  unless  the  gun  were  fired  at  its  highest 
elevation,  and  whether  there  would  not  be  much  danger  of  setting 
fire  to  the  tigging,  liararaock-cloths,  or  sails,  though  brailed  up 
or  furled,  by  sparks  being  driven  into  the  foldings  or  otlier 
crevices.  The  aftermost  gun  is  about  100  feet  from  the  tafirail : 
fired  "  over  all "  astern,  its  discharge  would  sweep  with  equal 
danger  and  violence  over  the  after  part  of  the  deck — in  both 
cases  there  must  be  no  men  nor  ammunition  placed  in  the  way 
of  those  explosions.  How  then  would  it  be  with  the  helmsmen  ? 
This  expedient  for  enabling  the  vessels  to  fire  aliead  or  astern  in 
the  line  of  the  keel,  cannot  be  practised,  nor  would  it  be  prudent 
to  attempt  such  firing  in  action.  These  vessels  can  therefore 
only  fight  in  the  broadside  position — an  utter  abandonment  of 
the  peculiar  advantages  of  steamers.  By  extreme  training  of 
their  guns  they  might  fire  at  angles  of  34°  with  the  keel ;  but 
they  would  then  expose  to  the  enemy  a  surface  expressed  by 
the  area  of  the  broadside,  reduced  in  the  ratio  of  unity  to  the 
sine  of  34° ;  or  a  length  of  about  89^  feet  (HJO  X  sin  34°) ;  and 
thiia  would  form  a  target  three  and  a-half  times  larger  than  tlis 
area  of  the  transverse  section. 

369.  The  Despatch-boats  are  very  beautiful,  fine,  and  speedy- 
looking  craft ;  but  they  are  greatly  overloaded,  with  respect  to 
their  displacement  and  form,  by  the  enormous  weight  of  their 
deck-load,  which,  cflnsisting  of  two  guns,  each  of  95  cwt.,  with 
their  massive  carriages  and  slides,  cannot  be  less  than  14  tons  I 
With  such  a  top-weight  they  must  roll  excessively  in  any  sea ; 
which  will  interfere  much  with  their  speed  in  voyaging,  with 
their  stability  in  action,  and  with  their  safety  in  a  heavy  sea. 
When  triett,  they  will,  no  doubt,  confirm  the  apprehensions  which 
are  very  generally  entertained,  that  such  heavy  armament  will 
detract  greatly  from  the  essential  quality  of  a  despatch- vessel, 
and  make  a  very  bad  gun-boat.  Perhaps  it  may  be  said  that 
these  vesseU  were  not  designed  for  the  ordinary  service  of 
steamers  {which  in  every  case  requires  that  they  should  bo  s 
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armed  at  their  ends  aa  to  mako  what  would  otherwise  be  their' 
weak  point  tlieir  strongest),  but  are  intended  to  use  the  enor^ 
mous  guns  with  wliich  they  are  armed  for  broadside  firing,  to 
batter  granite  walla  at  great  distances.  It  were  mnch  better  to 
make  the  experiment  against  a  granite  wall,  in  8ome  actual  siege- 
operations  by  land,  than  from  the  battery  of  a  ship  at  sea.  To 
hit  a  wall  with  any  projectile  fired  at  18°  of  elevation,  at  the  dis- 
tance of  5000  yards,  is  a  very  remote  iirobability,  even  when  the 
gun  is  fired  on  solid  ground ;  from  a  ship  the  practice  must  be 
infinitely  more  at  random,  when  there  is  any  swell ;  and  here 
we  would  observe  that  the  deviation  to  the  right,  occasioned  by 
the  rotation  of  the  projectile  in  that  direction,  b  largely  de- 
veloped in  practice  from  the  Lancaster  gun,  with  elongated 
shells  (the  average  amount  of  the  dcWation  is  150  feet  at  5000 
yards)'.  This  ought  to  be  allowed  for,  in  proportion,  at  any 
range ;  but  the  deviations  not  being  constant,  they  cannot  be 
accurately  estimated.  If  these  vessels  were  designed,  and  armed 
with  such  heavy  ordnance,  for  battering  purposes,  they  will 
rather  have  to  serve  as  stationary  floating  batteries  Uian  as 
active  steamers  to  shoot  flying ;  and  therefore,  instead  of  being 
built  for  speed,  they  should  have  been  formed  for  stability  and 
steadiness.  The  alternate  recoils  and  running-up  of  guns  of 
such  vast  weight,  on  the  sides  of  vessels  of  their  size  and  fonu, 
must  occasion  a  rolling  motion  which  will  never  cease,  however 
still  the  water.  The  motion  may  be  insensible  to  the  eye,  and 
yet  such  as  to  destroy  entirely  the  accuracy  of  practice,  in  which 
deviations  of  half  a  degree  in  the  elevation  will  make  a  vast  dif- 
ference in  the  range.  A  skilful  seaman-gunner  knows  well  that 
a  rolling  motion  is  more  disturbing  to  good  gunnery  than  a 
pitt^hing  motion ;  that  the  former  does  not  aflect  the  length  of 
range  from  a  pivot-gun  at  bow  or  stern,  though  if  there  is  much 
of  that  motion  it  may  occasion  lateral  delations ;  that  very  small 
rolling  motions  have  great  influence  on  the  range  in  broadside 
firing;  and  that  a  swell  abeam,  or  a  cross  sea,  produces  very 
little  pitching,  but  a  great  deal  of  rolling  motion. 

The  aberrations  in  gunnery  practice  arising  from  the  floating 
motions  of  a  ship,  afleet  vertical  and  horizontal  shell-firmg- 
very  differently.  If  the  shell  of  a  mortar  whose  greatest 
range  is  at  42°  of  elevation,  depart  from  the  muzzle  at  any 
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greater  or  smaller  angle,  tlie  range  is  sliorter  in  both  cases,  and 
equally  so  if  tbe  error,  plus  or  minus,  be  equal ;  but  small  dif- 
ferences of  elevation  are  of  very  little  moment  in  a  range  of 
4200  yards,  and  the  shell  would  scarcely  miaa  the  area  on  which 
it  is  intended  to  fall ;  for  its  horizontal  velocity,  never  very  great, 
is  nearly  exhausted,  and  the  velocity  of  descent  is  very  great ; 
but  in  horizontal  shell-firing,  errors  of  the  same  amount  taking 
place  above  or  below  the  angle  of  elevation  at  which  it  is  in- 
tended to  fire,  produce  very  great  differences  in  the  range — 
there  is  so  much  horizontal  velocity  that  the  shot  passes  over 
large  spaces  in  very  short  times ;  there  is  very  little  vertical 
velocity  and  less  chance  of  the  howitzer-shell  falling  within  a 
given  area  than  a  mortar-shell,  both  being  subject  to  the  same 
amotmt  of  disturbauce  in  the  intended  elevation. 

Aa  gun-boats  these  vessels  are  universally  considered  as  too 
narrow  and  crank  to  carry  their  heavy  deck-loads.  So  much  of 
their  volume  is  taken  up  by  the  engine  that  there  does  not 
remain  sufficient  available  capacity  for  the  stowage  of  provisions 
and  stores.  Their  draught  of  water  is  much  too  great ;  and,  in 
general,  all  the  ships  and  vessels  we  sent  to  the  Baltic  in  the 
late  war  with  Russia  were  disadvantageous  in  these  respects. 
Ships  drawing  from  24  to  27  feet  of  water  have  no  business  in 
such  shallow  waters ;  while  there  was  not  a  sufficient  number 
of  small  ships  to  enter  creeks  or  inlets,  or  to  approach  the 
batteries  on  the  coasts,  without  getting  frequently  aground. 
No  doubt  it  was  necessary  that  there  should  be  a  fleet  consisting 
of  a  sufficient  number  of  line-of-battle  ships  to  prevent  the 
enemy's  fleet  from  coming  out,  and  to  beat  them,  if  they  en- 
deavoured to  disturb  the  desultory  operations  of  the  squadrons 
of  the  allied  fieets  engaged  in  blockading,  and  other  detached 
services ;  but  for  this,  huge  vessels  of  gi-eat  di'aught  of  water 
■would  be  rather  hurtful  than  serviceable.  The  ships  of  a  fleet, 
acting  in  shallow  seas  and  intricate  channels,  imperfectly  sur- 
veyed, should  be  as  much  as  possible  of  the  same  draught 
of  water:  if  not,  and  even  if  one  or  two  draw  some  feet  of 
water  more  than  the  others,  the  operations  of  the  fleet  must  ba  , 
OS  much  impeded  by  shallow  water,  if  they  are  to  act  together..! 
as  if  all  the  vessels  of  the  fleet  were  as  deep  in  the  water  as 
the  one  or  two  larger  ships. 
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370.  The  Russian  eliipa  of  the  line — and  the  same  may 
said  of  those  belonging  to  Denmark  and  Sweden — do  not  exceed 
in  draught  of  water  23  English  feet ;  that  of  our  ships  is  from 
25  to  '11  feet,  and  in  some  etill  more.  England  should  always 
be  provided  with  ships  suited  for  sorvice  in  all  seas.  Our  old 
74-gun  ships  were  just  the  elaaa  of  line-of-battle  ships  required 
for  service  in  the  Baltic,  but  they  are  now  extinct." 

371.  Some  experiments  were  carried  on  at  Portsmouth,  August 
22,  1854,  with  Mr.  Lancaster's  guns  on  board  of  a  despatj?h- 
boat ;  and,  on  this  occasion,  the  gun  maintained  the  character 
given  of  it  in  Art.  197  for  length  of  range ;  but  the  practice, 
always  uncertain  at  such  distances,  was  extremely  wild  and 
random,  from  the  motion  of  the  vessel.  Two  shells  broke  soon 
after  leaving  the  gun,  thus  affording  additional  proof  that  even 
wrought-iron  shells  cannot  be  depended  upon ;  and,  unless  this 
serious  defect  can  be  effectually  remedied,  it  must  be  considered 
a  great  objection  to  the  adoption  of  the  gun  ;  for,  considering 
the  enormous  cost  of  the  shell  and  the  vast  expense  of  the 
system,  one  lost  opportunity  of  obtaining  the  fiiU  effect  of  a  dis- 
charge, from  the  brealdug  of  the  shell  in  or  near  the  gun, — of 
whioJj  so  many  instances  have  recently  occurred, — might  be 
productive  of  the  severest  disappointments  in  action.  How  this 
defect  is  to  bo  remedied,  appears  to  be  a  very  difficult  and 
doubtful  matter.  But  however  this  may  be,  the  difficulty  has 
not  been  overcome,  as  the  late  experiments  show ;  and  the 
despatch  .gun-boats,  constructed  expressly  to  demolish  tlie 
enemy's  defences  in  the  Baltic  and  Black  Seas,  with  elongated 
shells  of  100  lbs.  weight,  fired  from  Lancaster's  elliptical  guns, 
were  actually  sent  to  their  destinations,  provided,  it  appears. 


1 


'  The  gallant  and  diatinguished  Vioe-Admiral  who  oomnmnded  the  com- 
bined fleet  in  the  Bailie  felt  then  the  full  foroo  of  what  he  wrote  in  1849 
(see  p.  192  of  hia  lata  publication).  After  BStollinu  the  old  74*8,  and  con- 
demning their  extinction,  ho  i;oB8  on  to  say, — "  We  seem  to  have  quite 
forgotten  that  there  are  such  bcbh  bb  the  North  Sea  and  Baltic,  where  sniEdl 
flhipa  of  two  or  three  decks,  with  a  light  dranght  of  wiit«r,  arc  indisjransable. 
There  are  also  many  places  where  the  like  i|iialifi cation  is  necfssarj;  and  I 
well  recollect  that,  during  the  siege  of  Cadiz,  we  were  obliged  to  look  up  all 
onr  old  G4'fl,  with  a  light  draught  of  water,  so  tliat  they  might  lie  cleu  ot 
tlie  enemy's  shells.  Another  thing  we  seem  to  have  fbrgottim — that  all  tho 
work  of  the  war  was  done  by  the  74'b,  and  that  the  large  ahipe  did  not  sUnd 
the  blockade  so  well  as  the  suull  ones." 
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with  only  25  of  their  own  pecoJiar  oval  shellB,  on  the  much- 
vaunted  efficiency  of  which  the  whole  of  the  Lancaster  system 
depends,  but  largely  supplied  with  tiS-pounder  round  shot,  with 
which  it  ia  said  the  Lancaster  guns  make  good  practice !  It  was 
not  for  this  that  the  enormous  expense  of  the  Lancaster  system 
has  been  incurred,  or  can  be  justified ;  and  ,if  there  bo  any 
truth  in  all  that  has  been  said,  ivritten,  and  done,  upon  the  sub- 
ject of  windage,  the  principles  upon  which  it  ia  regulated,  its 
annular  uniformity,  the  important  condition  of  a  perfectly  cylin- 
drical bore,  and  the  rigorous  condemnation  of  any  gun  in  which 
the  smallest  irregularity  in  the  surface  of  the  bore  can  he  de- 
tected, by  the  nicest  instruments,  it  is  utterly  impossible  that 
the  anomaly  of  firing  spherical  projectiles  from  guus  having 
elliptical  spiral  borea  can  be  precise ;  and  this  incongruity  is 
therefore  repugnant  to  science,  and  absolutely  fatal  to  the  Lan- 
caster system,  as  applied  to  guns. 

There  never  yet  was  a  gun-boat  without  a  powerful  gim  at 
tlie  prow,  or  which  could  not  fire  in  the  direction  of  her  keel. 
It  was  therefore  a  great  mistake  to  call  these  vessels  Lespatch 
gun-hoats :  they  are  steam-vegsels  armed  and  fitted  in  a  novel  and 
peculiar  manner,  for  experiment ;  and  much  is  it  to  be  wished 
that  the  experiment,  so  far  unsatisfactory,  may  in  the  end  bo 
successful.  But  believing,  for  the  reasons  stated,  that  these 
vessels  will  not  altogether  realise  the  expectations  wliich  tlie 
public  in  general  are  led  to  entertain  of  their  services  as  giin- 
boats,  the  author  deems  it  his  duty  thus  fully  and  frankly  to 
state  the  facts  and  reasons  which  have  led  him  to  this  con- 
clusion. 

372.  The  smaller  class  of  vessels  recently  fitted  out  as  gun- 
boats are  in  length  100  feet ;  extreme  breadth,  22  feet 
of  hold,  7  feet  10  inches ;  tonnage,  212 ;  engines,  two  of  30  horse- 
power each ;    draught  of  water  at  load-line,  6  feet  6  inches ; 
armament,  two  ti8-poundera  of  95  cwt.    These  vessels  are  lugger- 
rigged,  witliout  bowsprit ;  they  are  sufficiently  full  at  each  end 
and  abundantly  strong  to  bear  that  heavy  gun,  at  either  or  botli 
ends,  for  action.    In  voyaging,  the  guns  are  housed  ia 
of  the  vessel,  and  may  either  be  turned  into  act 
aide  or  at  either  end,  for  which  porta  ore  i 
at  the  stem,    Tlie  only  blemish  is  the  fit 
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and  objectionable  project  (Art.  368)  of  firing  the  guns  from  the 
body  of  the  vessel  "  over  all,"  ahead  or  astern ;  and  arming  them 
with  Lancaster  guns  instead  of  68-pounders,  before  efficient  pro- 
jectiles congenial  to  the  principles  of  his  system  shall  have  been 
produced,  and  at  such  a  moderate  cost  as  would  justify  a  general 
use  of  them,  but  which,  confessedly,  is  not  the  case  at  present. 


SECTION  XI. — ON  THE  ARMAMENT  OP  COAST-BATTERIES. 

373.  \yith  respect  to  the  armament  of  coast-batteries : 
wherever  a  battery  is  so  placed  as  to  command  long  sea-ranges, 
and,  if  properly  armed,  to  open  its  fire  upon  an  enemy  at  great 
distances ;  or,  from  the  nature  of  the  sinuosities  of  a  coast,  to  be 
in  a  position  to  enfilade  an  enemy's'  fleet  or  squadron  advancing 
to  the  point  0$  attack  which  that  battery  is  established  to  de- 
fend ;  there  assuredly  should  be  placed  exclusively,  guns  pos- 
sessing, in  the  highest  degree,  power  of  range,  accuracy,  and 
penetrating  force,  powerful  32-pounders,  56-pounders  (Monk's), 
and  68-pounder  guns.  To  these  will  now  be  added  the  new 
breech-loading  cannons  of  Armstrong  and  Whitwprth. 

In  batteries  which  do  not  command  long  sea-ranges,  which  are 
not  in  enfilading  positions  with  respects  to  an  advancing  force, 
and  are  so  situated  in  the  scheme  of  defence,  as  to  serve  for  the 
flanking  defence  of  collateral  works,  or  whose  seaward  range  is 
only  open  to  distances  at  which  shell-firing  may  be  used  with 
efiect,  there  shell-guns,  or  other  howitzers,  or  68-pounder  car- 
ronades,  may  with  advantage  be  placed. 

374.  To  place  in  ,/£r^  batteries  chambered  8-inch  guns,  in  lieu 
of  unchambered  solid-shot  guns,  on  account  of  the  difference  of 
weight,  since  neither  displacement,  transport  by  sea,  nor  con- 
veyance by  land  enters  there  into  the  question,  were  a  grievous 
error,  which,  much  we  fear,  may  have  been  committed,  particu- 
larly with  respect  to  8-inch  shell-guns  of  50  and  52  cwt. — a  very 
inferior  class  of  that  tribe — seeing  that  more  than  one-third  of 
the  ordnance  appropriated  to  the  armament  of  our  coast  defences 
are  shell-guns,  and  that  so  large  a  proportion  can  scarcely  be 
required  for  shell-firing  only. 

Extent  of  range,  with  the  least  elevation,  the  greatest  accu- 
racy at  long  ranges,  and  penetrating  force,  are  pre-eminently 
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required  of  guns  appropriated  to  batteries,  wliprever  they  com- 
mand long  sea-rangea,  or  we  iii  enfilading  positions. 

No  law  of  gunnery  is  more  clearly  demonstrated  and  irre- 
futable than  this — that  elevation  is,  inversely,  the  exponent  of 
accuracy.  No  scientific  or  experienced  artillerist  will  dispute 
this,  and  no  practitioner  of  the  science  can  deny  it,  until  he 
shall  first  have  demonstrated  that  this  well-established  law  is 
untrue,  and  shall  cause  it  to  be  erased  from  the  codes  in  which 
Robins,  Hutton,  and  all  professors  of  the  science  of  gunnery  have 
stereotyped  it  for  our  gnidance.' 

"The  gun  that  makes  the  greatest  range  with  the  least  ele- 
vation, and  consequently  with  the  greatest  horizontality  in  the 
flight  of  its  shot,  is,  assuredly,  the  most  accurate  in  its  practice, 
and  the  most  destructivo  in  its  effects.  Sea-ser\'ice  howitzers  do 
not  possess  this  property  in  so  great  a  degree  as  solid-shot  guns ; 
for  the  former  require  higher  elevations  to  attain  the  same 
ranges,  and  accuracy  and  effect  are  sacrificed  accordingly," 
(Monk.)' 

375.  That  greater  degree  of  horizontality  in  the  trajectory  of 
a  projectile,  which  is  produced  by  superior  velocity,  is  still  more 
important  in  the  armament  of  coast-batteriea,  whose  sphere  of 
ection  is  over  the  horizontal  surface  of  the  sea,  and  not  over  the 
uneven  surface  of  land ;  because  there  is,  tlu^ugbout  the  ra.nge, 
more  of  parallelism  between  the  plane  of  operation  and  the  flight 
of  the  projectile,  in  proportion  as  the  trajectory  partakes  of  hori- 
zontality, that  is,  in  proportion  as  the  gua  possesses  the  power 
of  throwing  its  shot  to  the  greatest  distance  with  the  least  ele- 
vation. The  probability  of  striking  an  object,  and,  if  missing 
it,  the  chance  of  hitting  some  other  body  on  the  battle-plain, 
eitlier  with  cannon,  rifles,  or  common  muskets,  depends  more  on 
the  angle  under  which  the  projectiles  strike  or  graze  the  grouni' 
than  that  at  which  they  were  projected  (Art.  274).  Sdi 
shows,  as  stated  in  Article  G3,  that  hollow  shots,  being 


"  The  uncertaintyofBtriiing  objects  increaBCBConBidenibly  with  tbei 
of  niDKe,  for  it  requires  correapondicg  increnBO  of  elemtion. — SlraU/i,  ' 
cation,'  vol.  ii.  p.  227. 

^  The  accuracy  of  the  solid  shot  will  be  much  greater,  loll  on  acoi 
its  greater  velocity,  and  because  tbe  hollow  ahot,  lo  oblain  the  Bnme 
must  have  grenter  elevation. — Simmonf,  pii.  '^6,  2T. 
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capable  than  solid  shots  of  retaining  their  initial  velocity,  graze 
at  angles  with  the  ground  which  exceed  those  of  their  departure 
in  a  much  greater  degree  than  in  a  solid  shot  fired  with  the  same 
initial  velocity.  It  shows  also,  that  the  deviation  of  the  hollow 
shot  increases  in  proportion  to  the  length  of  the  range,  and  is 
greatest  at  its  termination. 

376.  In  practice  on  shore,  or  in  still  water  in  harbour,  the  re- 
lative superiority  of  solid-shot  guns  may  be  somewhat  obscured 
by  extreme  skill  and  nicety  in  target^firing,  to  hit  a  point  at  a 
well-ascertained  distance,  in  slow  and  deliberate  school-practice ; 
but  in  battle,  on  the  open  sea,  where  the  firing  is  rapid,  the  ship 
in  motion,  the  enemy  not  stationary,  and  the  distance  not  accu- 
rately known,  and  ever  varying,  the  practice  cannot  be  precise  ; 
and  it  must  ever  be  considered  that  hitting  an  object  under 
those  circumstances  is  rather  a  matter  of  probability  than  of 
certainty ;  and  that  probability  will  be  greater  or  less,  according 
as  the  elevation  is  less  or  greater. 

Irrespective  of  the  superiority  of  the  range  of  an  unchambered 
gun,  firing  solid  shot,  over  a  chambered  shell-gun  of  the  same 
calibre,  firing  hollow  shot,  at  the  same  elevation ;  or  the  advan- 
tage of  obtaining  th^  same  range  with  equal  elevation ;  it  must 
be  observed  that  the  penetrating  power  of  the  solid  shot  is  a 
matter  of  immense  importance  in  coast-batteries. 

The  relative  penetrating  powers  of  shot  fired  from  the  under- 
mentioned heavy  ordnance,  proposed  for  the  armament  of  coa^t 
defences,  are  tabulated  as  on  opposite  page  by  Straith  (*  Forti- 
fication,' vol.  ii.  p.  226),  chiefly  frpm  the  work  by  Captain 
Simmons,  entitled,  '  A  Discussion  on  the  Present  Armament  of 
the  Navy.'  The  penetrations  are  calculated  by  a  formula 
equivalent  to  the  equation  for  p  in  Art.  82.  Two  columns  are 
added  from  Captain  Simmons'  work  (p.  24)  to  show  the  velo- 
cities of  the  32-lb.  solid  shot,  and  the  48-lb.  hollow  shot,  at  the 
further  extremities  of  the  difiTerent  ranges. 

The  superior  penetrating  powers  of  solid  shot  fired  from  32, 
42,  and  56  pounder  guns,  compared  with  that  of  the  hollow  shot 
fired  from  the  best  of  the  8-inch  shell-guns,  at  the  distances 
stated  in  the  first  column,  are  quite  sufficient  to  establish  the 
great  inferiority  of  the  8-inch  shell-gun  to  solid-shot  guns  in  this 
important  respect. 
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Slitill-guna  sboultl  therefore  only  be  placed  in  branclies  of  coast 
butteries,  forts,  or  fortresses  which  have  not  ranges  open  to  them 
on  tbe  sea  beyond  the  limits  at  which  shell-firing  ceases  to  be 
efficient.  Tbe  hits  of  shells  are  never  so  frequent  aa  of  shot,  and 
beyond  1200  or  1300  yards  shell-firing  becomes  extremely  un- 
certain, and  should  therefore  give  place  to  guns  tbat  can  best 
fire  solid  shot.  In  some  recent  experiments  made  at  Ports- 
month,  out  of  100  rounds  of  shells  fired  at  a  large  hulk,  distant 
1200  yards,  not  less  than  15  per  cent,  missctb  No  solid  shot 
from  a  32-ponnder  would  have  failed  to  hit  at  that  distance. 

TJnchambercd  solid-shot  guns  may,  after  having  efBciently 
cannonaded  an  enemy  when  distant,  take  up  sliell-firing  when  lie 
comes  within  tlie  limits  at  which  it  is  efficient ;  but  shell-guns 
cannot  open  with  much  effect,  either  with  hollow  shot  or  shells, 
upon  the  enemy,  in  very  distant  firing,  and  not  with  more  effect 
than  unchambered  guns,  -when  shell-firing  commences.  They 
cannot  fire  red-hot  shot,  a  defect  which  should  exclude 
from  use  in  coast  batteries,  except  as  howitzers. 

Simmons,  in  bis  excellent  work  above  quoted, 
examination  of  the  relative  merits  of  solid  and 
therefore  of  unchambered  and  chambered  gun* 
even  be  feared  that,  in  introducing  hollow 
shot,  if  persevered  in  during  war,  very  de 
ensue"   (p.  40).     The   autlior  unhesitating 
opuiion,  and  considers  that  it  will  be  unfor 
service  chambered  gnns  are  pref'.Tred  to  unci 
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gims,  in  the  armament  of  any  of  our  coast-batteries,  which  require 
the  superior  power  of  solid-shot  guns  for  long  seaward  ranges. 

377.  In  consequence  of  the  bursting  of  guns  at  Gibraltar,  and 
more  recently  at  Malta,  in  firing  hot  shot,  the  charges  have  been 
reduced  to  three-quarters  of  their  present  amount  The  author 
does  not  see  how  this  is  to  prevent  such  accidents ;  but,  for  other 
reasons,  the  reduction  of  charge  is  advantageous.  Wood  is  more 
rapidly  and  certainly  set  on  fire  by  hot  shots,  when  these  pene- 
trate but  little,  than  when  they  lodge  at  great  depths,  because  in 
the  latter  case  the  crushed  fibres  of  the  timber,  by  their  elasticity, 
close  upon  the  shot,  and  more  or  less  contract  the  orifice ;  and 
the  communication  with  the  external  air  is  not  suflSciently  free 
to  excite  combustion.  Jhe  penetrating  power  of  a  red-hot  shot 
is  greater  than  that  of  a  cold  shot,  fired  with  the  same  charge  ; 
because,  by  the  expansion  of  the  hot  shot,  the  wmdage  is  dimi- 
nished. Great  care  must  therefore  be  taken  so  to  regulate  the 
charge,  according  to  the  distance  and  dimensions  of  the  body 
fired  at,  as  to  be  sure  of  causing  the  hot  shot  to  lodge. 

378.  A  very  important  error  in  classification  and  nomen- 
clatiu-e,  and  one  calculated  to  convey  wrong  notions  to  the 
uninitiated,  and  even  to  mislead  those  who  should  know  better, 
is  frequently  observable  even  in  oflScial  documents,  in  which 
the  8-inch  shell-guns  are  called  56-pounders,  and  sometimes 
G8 -pounders ;  but  when  it  is  stated  that  the  so-called  56-pounder 
is  a  chambered  gun,  the  weight  of  whose  hollow  shot  is  56  lbs., 
and  that  no  shell-gun,  with  one  exception,  can  fire  solid  shot 
of  68  lbs.,  also  that  none  do  fire  solid  shot,  the  error  of  not  calling 
tilings  by  their  right  names  will  be  made  manifest.*  From  this 
error  in  nomenclature  our  8-inch  shell-gun,  called  a  56-pounder, 
led  the  French  to  believe  (see  'L'Enquete  Parlementaire,' 
vol.  ii.  p.  414,  and  Notes  thereon  by  the  author,  pp.  14  to  16) 
tliat  we  had  introduced  a  56-pounder  unchambered  solid-shot 
gun  into  our  naval  service,*^  and  this  was  actually  the  reason 


•^  Thus  Guildford  battery  at  Dover  is  erroneously  believed  to  be  armeti 
witli  56-pounder  solid-shot  guns,  whereas  the  ordnance  impro};erly  ])laced 
tliere  are  8-inch  shell-guns  which  only  fire  hollow  shot  of  that*^  weight. 
.Assuredly  that  battery  should  be  armed  with  68-jiounder  guns. 

^  Tlic  armament  of  the  main  deck  of  the  "  Indefatigable "  is  stated  in  a 
document  of  authentic  character  to  consist  of  28  oiS-poiuidcrs,  but  they  are 
really  8-inch  shell-guns. 
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why  the  Frencli  introduced  their  50-poimder  as  aii  equi\'alent 
gun!  Thia  they  have  now  withdrawn  from  the  bitiadside- 
hatteries  of  their  ships  to  give  place  to  a  greater  nnmber 
of  30-pounders,  No.  1. 

Simmons,  throughout  his  able  and  very  useful  wort,  calls 
shell-guns  sfOr^rvice  hoteitzera.  So  are  they  denominated  by 
Straith,  vol.  ii.  p.  22(j.  General  Millar  brought  thorn  forward 
by  that  title ;  and  by  tliat  name  they  were  then,  and  still  are, 
designated  hy  Monk,  In  French,  and  all  other  foreign  treatises, 
they  are  called  simply  hotoitzerg. 

The  author  has  throughout  this  work  called  shell-guns 
chambered  guns,  since,  hy  the  introduction  of  shell-firing  from 
all  natures  and  descriptions  of  naval  ordnance,  tlie  former  dis- 
tinction has  ceased,  Dut,  without  some  such  exp!ioati\-e,  that 
description  of  ordnance  cannot  be  correctly  and  scientifically 
named  and  classed ;  for  gung,  simply,  they  are  not.  Chambered 
guns  are  contradistinguished  from  im-chambered  guns  hy  defi- 
nitions which  cannot  be  mistaken,  and  must  not  be  violated. 
Mortars,  howitzers,  and  shell-guns  are  designated  in  terras  of 
their  calibres,  expressed  in  inches  and  decimals ;  unrhanibered 
ordnance  for  solid  shot  are  contradistinguished  by  being  deno- 
minated in  terms  of  the  weight  of  their  solid  shot,  by  pouuds 
and  decimals  or  pounds  and  ounces. 

379.  Lest  erroneous  notions  should  he  entertained  by  the 
student  from  the  use  which  has  been  made  in  the  preceding 
articles  of  the  term  command,  the  author  wishes  here  to  observe 
that  it  is  not  an  uncommon  error  to  suppose  that  the  advantages 
of  aommatid  depend  entirely  on  the  height  of  a  work  or  battery 
above  the  object  against  which  its  fire  is  directed,  as  if  a  shot  ■ 
would  produce,  practically,  a  greater  efi'eet  against  a  worfr-^ 
situated  on  a  level  below  that  on  wliich  the  gnu  is  niuuntef 
than  it  would  against  a  work  on  a  higher  level.  Sacib  | 
the  case  in  any  appreciable  degree,  and  fi  work  is  mrt^d 
commanded  unless  it  can  he  fired  into.  But  til*  J 
this  depends  not  so  much  upon  the  relative  hEft 
lis  upon  the  positions  of  the  planes  of  ■^^ 
by  which  the  reliefs  of  the  parapets  m 
plane  passing  through  Iheir  crests  au'i  i 
be  parallel,  or  nearly  so,  to  the  lerri>|>!i 
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though  such  terreplein  may  be  considerably  lower  than  the 
ground  on  which  the  enemy's  battery  is  constructed,  it  can  no 
more  be  seen  fix)m  the  guns  in  the  latter  than  if  the  work  and 
battery  were  raised  on  the  same  horizontal  plane. 

On  the  other  hand,  when  the  parapets  of  two  works  have 
equal  heights  above  a  horizontal  plane  passing  through  both,  the 
terreplein  of  either  of  them  would  be  commanded  by  the  other 
if  it  should  have  a  rise  towards  the  rear ;  even  when  two  works 
are  formed  on  the  face  of  a  slope,  the  upper  one  may  be  com- 
manded by  the  lower,  should  its  terreplein  have  a  greater 
inclination  to  the  horizon  than  the  ground  on  which  both  works 
are  constructed. 

The  reason  why  a  difference  in  the  vertical  heights  of  works 
gives  scarcely  any  appreciable  advantage  to  the  higher  work, 
and  causes  as  little  disadvantage  to  the  lower,  in  respect  of 
range,  is,  that  all  modem  improvements  in  the  construction  and 
uses  of  artillery,  having  been  introduced  to  render  firing  more 
direct,  and  consequently  more  accurate ;  it  follows  that,  within 
the  comparatively  short  ranges  at  which  artillery  can  be  so 
used,  whatever  be  the  relative  heights  of  the  battery  and  the 
object  fired  at,  there  is  little  difference  in  the  form  of  the 
trajectory  of  the  shot,  whether  the  gun  and  object  be  on  an 
oblique  or  on  a  horizontal  plane,  and  there  is  no  significant 
difference  in  the  elevation  required  for  guns  of  equal  powers 
of  range,  whether  the  firing  take  place  from  below  upwsuxls,  or 
the  reverse. 

380.  It  was  foreseen  that  numerous  gun-boats  would  be 
required  to  act  with  the  naval  force  which,  in  1854,  was  sent  to 
the  Bhick  Sea,  as  no  expedition  intended  to  act  in  shallow 
waters  was  ever  undertaken  without  being  accompanied  by  such 
craft.  Numerous  gun-boats,  each  armed  with  a  powerful  gun, 
formed  part  of  the  equipage  for  the  naval  force  sent  to  Wal- 
cheren  in  1809,  and  were  found  extremely  useful  on  all  occasions 
in  shallow  inland  waters.  The  day  after  the  landing  of  the 
troops,  a  gallant  and  efficient  attack  was  made  by  those  boats  on 
the  fort  of  Jer  Veer,  then  invested  on  the  land  side,  which  ended 
in  the  place  being  taken. 

After  the  action  at  Copenhagen,  in  1807,  the  Danes  lost 
nearly  all  their  line-of-battle  ships  and  frigates,  but  they  still 
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possessed  some  skrnt  hnga  of  war,  an<l  a  great  mimLer  of  well- 
armed  gnn-boats;  and,  during  the  calms  wliicli  frequently  pre- 
vail in  the  Danish  waters,  the  latter  were  particularly  destructive 
to  the  British  cniisers  and  convoys. 

On  the  4th  of  June,  1808,  during  a  calm  in  the  Great  Belt, 
the  "  Tickler "  gun-brig,  commanded  by  Lieutenant  Sldnner, 
ivas  attacked  by  4  Danish  gun-boats,  and,  after  a  conflict  of  four 
hours,  in  which  the  commander  was  killed,  she  was  obliged  to 
surrender.  A  few  days  afterwards,  the  bomb-Tessel  "  Thunderer," 
Captain  Caulfield,  and  the  gun-brig  "  Turbulent,"  Lieutenant 
Wood,  with  a  convoy  of  70  vessels,  were  attacked  by  25  Danish 
gun-boats,  when  the  "Turbulent"  was  captured,  with  10  or  12 
of  the  mercliant-ships :  and  on  the  2nd  of  August,  the  gun-brig 
"Tigress,"  Lieutenant  Greenswood,  was  taken  by  Ifi  Danish 
pun-vessels.  On  the  25th  of  October,  iu  the  same  year,  the 
British  64-gun  ship  "  Africa,"  with  a  homeward-bound  convoy 
of  137  sail,  was  attacked  by  a  Danish  flotilla,  consisting  of  25 
lai^  gun  and  mortar  boats,  and  7  armed  launches ;  nearly  all 
the  convoy  escaped,  but  the  "  Africa"  was  severely  damaged ; 
and,  bad  the  daylight  continued  two  hours  longer,  she  must 
have  surrendered  or  sunk. — James'  '  Naval  History,'  vol.  v- 
pp.  74^76. 

On  the  7th  of  July,  1809,  a  British  squadron  of  4  ships,  under 
Captain  Thomas  Byam  Martin,  while  cruising  off  the  coast  of 
Finland,  discovered  a  Russian  fiotiUa  of  8  gtm-boafs,  and  a  fleet 
of  merchant-vessels,  at  anchor  under  Porcoln  Point  The  jKwi- 
fi(}n  which  these  had  taken  was  one  of  extraoi-dinary  strength, 
being  between  two  rocks,  which  served  as  covers  to  their  wings, 
and  from  whence  a  destructive  fire  of  grape  could  be  poured 
uptm  any  boats  that  sboidd  approach  them.  Notwithstanding 
this,  the  boats  of  the  ships,  17  in  number,  advanced  close  up  to 
the  gtm-vessels  without  firing  a  musket,  and,  iHiarding  them, 
carried  all  before  them:  B  of  the  vls-  ■ 
and  1  escaped;  12  merchont-vesseifi  n! 
and  provisions  for  the  RuAaian  army,  ' 
of  the  same  month,  17  I 
Captain  Dudley  Pater,  atb 
a  sanguinary  cont«Bt,  B 
].p  180-182. 
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The  Bnssians  have  in  the  Baltic  numerous  gun-boats,  which, 
keeping  in  comparatively  shallow  water,  among  the  islands, 
where  no  large  ship  can  approach  them,  are  ready  at  «very 
moment  to  issue  forth  and  seriously  annoy  the  most  formidable 
fleet  of  line-of-battle  ships  on  the  coast. 

The  Secretary  of  the  American  Navy,  in  his  Annual  Beport 
to  the  Senate,  1856,  recommends  to  his  Government  the  building 
of  sloops  of  war  capable,  from  their  small  draught  of  water,  of 
approaching  the  coasts  of  the  coimtry :  he  considers  that  such 
vessels,  armed  with  15  or  20  guns  each,  would  annoy  an  enemy 
at  sea,  and  defend  harbours  which  are  inaccessible  to  larger 
vessels. 


SECTION  XII.— -ON  THE  APPLICATION  OF  METALLIC  DEFENCES 
TO  THE  SIDES  OF  FLOATING  AND  THE  FACES  OF  LAND 
BATTERIES. 

381.  The  project  of  covering  ships  with  iron  plates,  in  order 
to  render  them  proof  against  artillery,  was  suggested,  many 
years  since,  by  Colonel,  the  late  General,  Paixhans,  in  his  work 
entitled  *Nouvelle  Force  Maritime,'  No.  10.  The  Comite 
Consultatif  de  la  Marine,  at  that  time,  having  caused  the  weight 
of  an  iron  covering,  and  the  capability  of  ships  to  bear  the  load, 
to  be  calculated,  found  that  such  armour  could  not  be  applied  to 
line-of-battle  ships  of  tlie  lowest  class,  to  frigates,  nor  to  smaller 
vessels.  With  'respect  to  ships  with  three  decks,  the  ComitS 
stated  in  its  Beport^  that  the  great  displacement  of  these  would 
enable  them  to  bear  the  requisite  weight,  provided  the  quantity 
of  artillery  on  the  upper  decks  were  diminished ;  and  observed, 
that  the  expense  was  estimated  at  600,000  francs  (25,000^.)  for 
each  ship.  This  inquiry  led,  however,  to  no  attempt  in  France 
to  cuirasse  ships  of  war,  and  the  project  was  at  that  time 
abandoned,  apparently  as  impracticable. 

A  proposal  for  constructing  floating-batteries  of  iron,  so  thick 
as  to  be  shot-proof,  was  entertained  by  the  Government  of  the 
United  States,  in  or  before  the  year  1852,  and  the  feasibility 
of  the  proposition  was  made  the  object  of  an  experiment : 
the  result  of  this  being  unfavourable,  the  project  fell  to  the 
ground. 
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The  iilea  of  cuirassing  ships  of  war  was  reproduced  in  France 
in  1854,  as  appeara  by  an  article  iii  the  '  Moniteur,'  by  the 
present  Emperor  of  the  French,  Napoleon  III.,  who  then  pro- 
posed the  construction  of  floating-batteries,  or  shipa  protected 
on  the  exterior  by  thick  plates  of  iron.  The  ships  so  covered 
were  to  bo  employed  in  the  attack  of  maritime  fortresses ;  and 
in  ISoG  M,  Grivol,  Lieutenant  de  Vaisaeau,  pnbb'shed  in  a 
second  wlitiou  of  a  pamphlet  entitled  '  Attaqnes  et  Bombarda- 
mens  Maritimes '  1857,  speaking  of  the  vulnerability  of  the 
sides  of  wooden  ship^  observes,  "  When  the  means  shall  be 
found  of  covering  ships  of  war  with  an  impenetrable  cuirass,  an 
eijnilibriura  between  land  and  sea  batteries  wOl  be  estahh'shed  "  ; 
and  he  adds,  that  the  floating  batteries  will  be  able,  by  their 
power  of  being  moved  at  pleasure,  and  by  the  concentration  of 
their  flre,  to  silence  any  land-batteriea  of  masonry. 

382.  We  have  not  been  unmindfal  of  the  intimation  contained 
in  the  preceding  Article,  nor  of  tlie  purpose  for  which  that 
expedient  is  designed ;  and  experiments,  sanctioned  by  the 
Government,  have  accordingly  long  been  carrying  on  to  ascer- 
tain how  far  floating-batteries  may  be  made  effectually  shot  and 
shell  proof,  by  covering  their  sides  with  plates  of  adequate  thick- 
ne-ss ;  and  whether  coast-batteries  might  be  made  impenetrable 
to  shot  by  similar  means. 

383,  In  examining  closely  the  subject  of  iron  defences, 
the  author  proposes  first  to  state  the  facta  which  have  been 
established,  and  the  results  obtained  irom  those  experiments, 
for  the  accnraey  of  which  he  may  vouch ;  and  then  to  investi- 
gate the  whole  subject  of  metallic  defences  with  a  view  to 
inquire — 

1st,  Whether  sliipa  constructed  wholly  or  nearly  so  of  iron, 
are  fit  for  any  of  the  purposes  or  contingencies  of  war. 

2ud.  Whether  ships  constructed  of  timber  can,  with  due  re- 
gard to  the  conditions  on  which  flotation,  stability,  manageability, 
and  safety  depend,  be  covered  with  plates  of  ponderous,  rigid, 
and  brittle  material  of  adequate  thickness  to  resist  the  penetra- 
tion and  withstand  the  impulse  of  the  powerful  ordnance  still  in 
nse,  and  the  more  [wtent  guns  and  precise  projectiles  which  are 
now  being  introduced. 

3rH.  Whether  iron  la  a  better  material  for  the  formation  or 
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facing  of  land-batterieSy  and  for  lining  embrasures,  than  earth 
and  sods. 

384.  The  reader  wiU  iSnd  in  Arts.  167  (p.  120)  to  175  (p.  132) 
inclusive,  statements  of  the  experiments  made  in  France  at 
Gavre  and  Metz  in  1834,  to  try  the  eflSciency  of  slabs  of  cast 
iron  to  resist.the  impacts  of  shot,  and  at  Portsmouth  in  the  years 
1838,  1840,  and  1851,  against  targets  resembling  portions  of  the 
sides  of  iron  ships,  such  as  the  *  Simoon,'  formed  of  plates  f  of 
an  inch  thick ;  several  such  ships  having  been  constructed,  and 
others  contracted  for,  apparently  under  the  impression  that  ^ips 
made  wholly  of  iron  of  that  thickness,  and  lined  with  solution  of 
caoutchouc  and  sawdust^  might  be  made  shot  and  shell  proof, 
a  delusion  which  the  experiments  not  only  dispelled,  but  further 
proved  (Art  169)  that  the  expedients  of  lining  the  targets 
representing  ships'  sides  on  the  inside  with  compositions  of 
caoutchouc  and  sawdust^  cork,  and  other  elastic  substances,  were 
unavailing,  and  rather  made  the  matter  worse.  The  results 
obtained  from  these  experiments  produced  the  immediate  con- 
demnation of  iron  ships  of  that  scantling ;  those  which  had  been 
finished  were  sold,  and  the  construction  of  others  stopped  (Arts. 
176,  177). 

385.  Experiments  have  since  been  made  at  Portsmouth  in 
September  and  October  1854,  to  try  the  capability  of  wrought- 
iron  slabs  4^  inches  thick  to  resist  the  impacts  of  solid  and 
hollow  shot  against  a  target  representing  a  section  of  a  frigate 
covered  with  iron  plates  of  that  thickness.  The  guns  employed 
were  32-pounder  and  68-pounder  solid-shot  guns,  and  8-inch  and 
10-inch  shell-guns  firing  hollow  shots.  At  400  yards,  the 
32-lb.  solid  shot,  and  the  10-incli  and  8-incli  hollow  shot, 
merely  indented  the  target  to  the  depths  respectively  of  1^,  2J, 
and  1  in. ;  but  the  68-lb.  solid  shot,  being  fired  with  10  lbs. 
of  powder,  penetrated  the  plates.  These  were  always  split  at 
the  bolt-holes,  which  were  about  1  ft  asunder ;  and,  in  con- 
sequence, it  was  recommended  that  they  should  be  bored  as  far 
apart  as  possible.  Tlie  conclusion  drawn  from  the  experunents 
was,  that  4J  in.  iron  plates,  applied  as  a  covering  to  ships,  would 
give  protection,  during  an  action,  against  8-inch  and  10-inch 
hollow  shot,  and  against  32-lb.  solid  shot,  but  very  little  against 
solid  shot  of  68  lbs. 
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T^e  project  of  covering  ships  with  plates  of  iron  has  recently 
been  aJopted  in  this  country  :  it  was,  at  first,  intended  to  cover 
with  slabs  of  iron  4J  in.  thick,  only  the  hows  of  steamers,  it 
being  supposed  that,  in  the  use  of  their  bow  pivot-guns,  the 
heads  merely  of  the  vessels  would  be  presented  to  the  enemy. 
The  weight  of  an  iron  covering  4^  in.  thick,  applied  to  the  bows 
of  a  screw-propelled  ship  of  107-1  tons,  the  covering  extending 
3(i  ft.  from  the  head  along  each  bow,  and  from  the  deck  to  2  ft. 
below  the  load-water  line,  is  found  to  be  10  tons  nearly ;  and 
this  would  surely  be  au  enormous  bmtJien,  in  addition  to  that 
which  already  loads  the  bows  of  a  steam- vessel. 

386.  During  the  war  with  Russia  three  floating  batteries,  the 
"  Eit;bu8,"  the  "  Terrible,"  and  the  "  Thunderer,"  were  con- 
stmcted  in  this  country,  their  sides  covered  with  iron  plates 
4  in.  tliick,  each  of  about  14(i0  tons.  It  was  intended  to  make 
the  decks  proof  against  shot  or  shell,  by  covering  them  likewise 
with  slabs  of  iron,  but  it  was  found  that  their  displacement  was 
insufhcient  to  carry  such  a  top  weight,  in  addition  to  that  placed 
on  the  sides,  and  strong  oak-beams  were  substituted  in  forming 
the  decks.  The  weight  of  the  iron  jJates  covering  the  sides  of 
those  floating  batteries  was  upwards  of  350  tons,  which,  together 
with  that  of  the  heavy  armament  required  for  these  vessels, 
rendered  it  scarcely  possible  to  satisfy  the  necessary  conditions 
of  buoyancy  and  stability.  With  snch  an  immense  top  weight, 
a  great  counteracting  weight  of  ballast  is  requisite,  but  for  this 
there  is  neither  sufficient  displacement  nor  depth  of  hold ;  and 
as  the  meta-centre  must  be  very  near  the  centre  of  gravity,  so 
the  equilibrium  and  stability  of  such  vessels  cannot  but  be  greatly 
endangered. 

3S7.  The  success  which  attended  the  attack  on  the  fortress  of  ^ 
Kinburn  in  1854,  by  the  floating-batteries  of  the  French  fl& 
in  the  Black  8ea,  is  sometimes  adduced  as  an  instance  in 
of  the  capability  of  such  vessels  to  resist  the  impacts  of  sho 
artillery  on  land  ;  but,  on  examining  the  circumstances 
which  the  operations  were  carried  on,  it  will  be  found 
fact  is  by  no  means  established.     The  ramparts  of  the 
constituting  the  fortress  were  but  little  elevatf.'d  above 
of  the  sea,  and  were  armed  only  with  from  fiO  to  70  gi; 
were  .32-pounders  of  7.")  cwt.  each,  and  these  were  m 
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barbette.  The  attacking  vessels  were  three  in  number ;  they 
were  covered  with  wrought-iron  plates  3  in.  thick,  and  each  was 
armed  with  sixteen  50-pounder  French  naval  guns.  The  ships 
were  stationed  at  distances  varying  from  700  to  800  yards,  and 
the  firing  was  kept  up  during  several  hours  before  the  place 
surrendered. 

Now  it  is  evident  that  the  Bussian  guns  were  of  comparatively* 
small  calibre,  and  therefore  they  could  not  be  expected  to 
produce  great  efiects  on  iron-covered  ships  at  such  distances, 
yet  their  shot  is  said  to  have  deeply  indented  the  plates ;  and 
there  being  no  merlons  to  protect  them,  it  is  not  surprising  that 
more  than  half,  their  number  were  dismounted,  and  that  nearly 
all  the  rest  were  dibbled,  so  that  they  could  not  have  been 
^gain  fired.  K  there  were  no  casualties  on  board  the  floating 
batteries,  thiff  can  only  be  taken  as  a  proof  of  bad  gunnery  on 
the  part  of  the  Bussian  artillerymen,  who,  apparently,  could  not 
throw  a  shot  in  the  ships  through  any  of  the  ports.  Had  heavier 
ordnance  been  mounted  on  elevated  sites,  as  were  those  of  tbe 
"  Telegraph  "  and  "  Wasp  "  batteries  at  Sevastopol,  the  French 
vessels  would  have  been  inevitably  torn  to  pieces  by  its  plunging 
fire. 

388.  Experiments  were  carried,  on  at  Woolwich  in  1856, 
against  a  target  formed  of  timber  and  planks,  representing  a 
portion  of  the  side  of  a  ship,  covered  with  plates  of  iron  12  fl. 
long,  2  ft.  wide,  4  in.  thick,  and  weight  about  36  cwt ;  a.  steel 
plate  2  ft.  by  2,  and  2  in.  thick,  was  likewise  placed  on  the 
target  for  triaL  The  combined  substance  of  the  target  was 
equal  to  that  of  the  floating-batteries,  and  weighed  30  tons. 
This  target  was  subjected,  in  the  first  place,  to  14  rounds  of 
G8-lb.  shot,  fired  at  600  yards,  with  a  charge  of  16  lbs.,  by 
which  the  timbers  were  much  splintered ;  10  rounds  were  tlien 
fired  at  a  distance  of  400  yards,  the  result  of  which  was  the 
destruction  of  the  timber-work,  and  the  splintering  and  breaking 
of  the  iron  plates,  which  had  been  made  by  the  process  of  rolling. 
The  last  shot  passed  completely  tlirough  the  target,  timber  and 
iron  included. 

A  remarkable  proof  of  the  percussive  force  of  the  shot  on  the 
target  which,  as  shown  in  the  figure,  was  placed  on  sleepers  laid 
underneath  the  platform,  was  exhibited  by  the  fact  that  at  ever}- 
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blow  the  target,  weighing  30  tons,  was  driven  bodily  back,  to  ua  - 
extent  which  amuunted  to  several  feet  at  tbo  end  of  the  expuri- 
'ments. 

Tlie  annexed  figure  ia  made  from  a  sketch  reprcBcnting 
a  side  and  back  view  of  the  target  or  bulkliead  constructed  on 
this  occasion ;  and  shows  the  eifects,  interiorly,  of  the  fii-ing 
against  the  face  of  tbo  target. 

Fig.  <3. 


389.  The  results  of  the  preceding  experiments  made  at  Wool- 
wich in  1856-7,  are  fully  confirmed  by  what  has  taken  place  in 
the  trials  made  at  PortsmoTith  in  1858,  against  H.M.S.  "Alfred," 
of  50  guns,  covered  witli  plates  of  wrought  iron  4  in.  thick, 
fonned  of  metal  of  various  descriptions,  bolted  to  the  timbers  by 
large  iron  bolts  and  nuts  in  the  inside  of  the  vessel ;  the  side  ' 
fired  at  was  shored  up  on  tho  main  deck,  and  the  ports  filled  in 
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by  strong  spars  at  intervals  of  about  10  ft.,  resting  against  the 
combings  of  the  hatchways.  The  firing  took  place  from  the 
"  Stork  "  gunboat.  The  "  Alfred  "  was  placed  so  as  to  present 
her  broadside.  The  plates  attached  to  her  sides  formed  a  target 
54  ft.  long  by  18  ft  in  height. 

390.  At  400  yards,  32-lb.  cast-iron  shot,  fired  with  a  charge 
of  10  lbs.  of  powder,  made  merely  a  few  cracks  in  the  plates 
and  started  some  bolts.  At  100  yards,  the  shot  made  a  round 
hole  in  the  plate  7  in.  in  diameter,  pieces  of  the  plate  being 
driven  into  the  side  of  the  ship :  at  one  of  the  rounds  a  shot 
I  struck  partly  on  a  hole  made  by  a  former  shot,  and  drove  pieces 

of  the  plate,  as  well  as  fragments  of  the  shot,  quite  through  the 
side,  tearing  away  the  inner  lining  of  the  ship  to  the  extent  of 
2|  feet,  scattering  the  pieces  about  the  lower  deck,  but  doing  no 
other  injury  on  board  except  starting  a  few  bolts  and  trenails  ; 
and  it  may  be  concluded  that  such  plates  of  iron  may  afford 
sufficient  protection  against  32-lb.  shot  at  that  distance. 

Cast-iron  shot  from  a  68-pounder  gun,  with  a  charge  of  16  lbs., 
at  the  distance  of  400  yards,  produced  little  more  effect,  as  it 
merely  made  cracks  in  the  plates  and  started  some  bolts,  but 
wrought-iron  shot  of  the  same  calibre,  with  the  like  charge, 
broke  out  small  pieces  of  the  plate  and  made  two  cracks,  one 
extending  16  in.  the  other  8  in.,  passing  by  a  bolt  to  the  bottom 
of  the  plate.  The  shot  broke  in  pieces,  but  no  injury  was  done 
inside.  Bed-hot  shot  of  the  same  size,  with  a  charge  of  12  lbs., 
also  made  cracks  in  the  plates,  and  started  bolts  and  trenails ; 
and  the  like  effect  was  produced  when  empty  shells  were  fired 
with  charges  of  16  lbs.  In  all  these  cases  the  wrought-iron 
shot  was  doubled  up  by  the  impact,  and  the  cast-iron  shot,  both 
solid  and  hollow,  was  broken  in  pieces. 

At  the  distance  of  200  yards,  the  effects  produced  by  all  the 
shot  were  greater :  the  cast-iron  shot  and  red-hot  shot  caused 
cracks  in  the  plates,  and  shook  the  woodwork  of  the  ship.  The 
wrought-iron  shot,  in  some  of  the  rounds,  broke  holes  quite 
through  the  plates,  but  all  the  shot  were  invariably  broken  in 
pieces  or  doubled  up. 

At  the  distance  of  100  yards,  the  effects  were  more  sensible : 
the  cast-iron  shot  made  cracks  quite  tlirougli  the  plates;  the 
wronght-iron  shot  fractured  the  plates,  made  holes  in  the  ship's 
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siile,  aucl  caused  tliu  timbers  of  tlie  ship  to  be  much  shaken. 
Even  an  empty  shell  made  an  irregular  hole,  and  Btarted  some 
trenails :  the  red-hot  shot  drove  some  fragmeota  of  the  plates 
tlirough  tlie  side  of  the  ship  (ind  ignited  the  woodwork ;  the  fire, 
however,  was  speedily  exlingnifhed.  In  all  cases,  aa  before,  the 
shot  was  either  doubled  up  or  broken  in  pieces,  and  either  fell 
into  the  water  or  buried  itself  in  the  woodwork  to  the  depth  of 
nearly  2  feet. 

391.  Trials  Were  subsequently  made  against  the  same  object 
witli  Mr.  Wliitworth's  68-pouiider  hexagonal  allot  (described  in 
Art.  242  p.  216),  and  the  following  are  some  of  the  results. 
Cast-iroD  shot,  with  a  charge  of  12  lbs.,  and  at  the  distance  of 
400  yards,  started  four  bolts  and  cracked  the  plates  in  four 
places,  but  did  no  iujiiry  on  board.  A  wrougbt-iron  shot  of  the 
same  size,  and  with  an  equal  charge,  at  the  distance  of  450  yards, 
pierced  quite  through  the  plates  and  the  ship's  side,  making  a 
hole  0  in.  in  diameter,  driving  the  pieces  quite  through,  so  that 
they  fell  upon  the  orlop-deck, 

A  cast-iron  shot,  with  a  charge  of  10  lbs.,  and  atftlie  distance 
of  350  yards,  cracked  the  plates,  started  some  trenails,  and 
slightly  shook  the  woodwork  inside  tbc  ships. 

392.  At  the  distance  of  100  yards,  with  a  charge  of  Ifi  lbs,,  the 
cast-iron  shot  pierced  the  plate,  raaking  an  irregular  hole  l(i  in. 
long  and  12  iu-,  broad,  burying  large  pieces  in  the  ship's  sides 
to  the  depth  of  18  in.,  large  CTacka  were  also  made  in  the  plate. 
Inside  the  ship,  a  13-inc.h  diagonal  rider  was  split  through  ;  the 
inner  lining  of  oak,  4J  in.  thick,  was  torn  oflf  to  the  extent  of 
3  ft.;  the  timbers  were  bilged-in  4^  in.,  and  much  shattered; 
several  bolt-heads  were  knocked  ofl^  and  the  splinters  scattered 
about  the  deck. 

393.  At  450  yards,  with  12  lbs.  of  powder,  the  WhiU 
shot  passed  through  the  iron  plates  and  the  ship's  side,  i 
a  round  hole  in  the  plate  6  iu.  in  diameter,  tearing  off 
four  layers,  as  if  the  i)late  was  badly  welded,  and  pnne 
a  piece  5J  in.  in  diameter ;  also  another  irregular  ■ 
4^  in.  by  3J  in. ;  driving  them  tlirough  tho  side  on  to  tl» 
deck,  they  were  found  about  4  ft.  from  the  hole ;  tho  shot 
through  the  side  between  timbers,  and  came  in  contocx 
the  afterpart  of  the  ends  of  an  orlop-beam,  which  it  scored 
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depth  of  4  in.,  it  then  grazed  the  under  side  of  the  lower  dec 
and  fell  inboard,  spent,  about  2  feet  from  the  hole. 

The  shot  thus  passed  through  4  in.  of  iron  and  the  out 
planking  (6  or  7  in.  oak),  there  was  no  inner  lining ;  the  end 
the  shot  was  much  bruised  and  opened. 

The  shot  was  found  to  be  imperfect  on  loading,  being  8tarr< 
at  the  point.    Kecoil  very  moderate  as  before. 

It  appears  that  in  loading  the  gun,  on  one  occasion,  the  sb 
jammed  in  the  gun  so  firmly  that  it  was  a  work  of  much  di£ 
culty  and  time  to  clear  the  gun.     This,  however,  arose  from 
mechanical  imperfection  in  the  conformation  of  the  bore  ai 


394.  At  400  yards,  with  12  lbs.  of  powder,  and  a  cast-ire 
shot,  the  Whitworth  hexagonal  68-pounder  burst  with  gre^ 
violence,  some  of  its  fragments  cutting  away  the  fore  and  mail 
mast,  and  knocking  a  large  piece  out  of  the  funnel.  Tl 
greater  part  of  the  gun  was  blown  overboard,  leaving  pieces  < 
the  breech  only  about  the  carriage,  which  was  much  shattered. 

395.  It  a,  however,  but  justice  to  Mr.  Whitworth  to  stal 
that  the  68-poun(ier  gun  used  in  these  experiments  was  not  of  h 
manufacture  (see  Art  242),  but  an  unbored  block  of  a  Goven 
ment  gun  bored  out  hexagonally  by  him,  and  which  he  declan 
was  formed  of  inferior  metal.  These  experiments  prove  tl 
great  penetrating  power  of  the  hexagonal  flat-headed  shot ;  an 
the  only  question  that  remains  to  be  decided  respecting  h 
system  is,  whether  he  can  produce  a  gun  which  can  resist  tl 
strain  occasioned  by  his  method  of  rifling. 

396.  The  68-lb.  solid  shot,  with  a  charge  of  16  lbs.  i 
powder,  at  400  yards,  directed  against  that  part  of  the  shi 
which  was  covered  with  homogeneous-metal  plates  2  in.  thicl 
covered  with  3-in.  planks,  African  oak,  passed  tlirough  the  sid< 
tearing  oflf  3  ft  of  two  of  the  planks,  and  making  a  hole  in  tl 
metal  plate  13J  in.  by  21  in. ;  the  shot  and  plate  breaking  u 
into  very  small  pieces,  spreading  about  the  main  dock  to  tl 
extent  of  22  it,  and  making  marks  on  the  opposite  side  to  tl 
depth  of  half  an  inch,  which  sufficiently  indicates  the  destructiv 
eflects  which  would  have  been  produced  on  the  crew  in  rej 
service. 

397.  The  effect  of  a  68-lb.  shot,  with  a  charge  of  16  ll)s 
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at  400  yards,  was  then  tried  against  that  portion  of  the  ship 
which  was  covered  with  3-in.  steel  plates  (red) ;  the  shot  made 
a  round  hole  1  ft.  in  diameter,  the  pieces  of  shot  and  shell  were 
driven  into  the  side,  and  the  woodwork  on  the  main  deck  ranch 
shattered,  a  large  wooden  knee  being  broken,  and  the  side  of 
the  ship  bilged-in  4^  in.  At  the  second  round,  under  the  same 
circumstances,  the  shot  made  an  irregular  hole  14  in.  by  7  in., 
driving  parts  into  the  side,  making  a  crack  round  the  point  of 
impact  of  about  20  inches  in  diameter,  and  another  extending 
from  the  upper  edge  of  the  plate  downwards  2  feet  in  length. 

398.  The  68-pounder,  with  a  charge  of  161bs.,  at  400  yards,  was 
then  directed  against  that  portion  of  the  ship  which  was  covered 
with  2-in.  steel  plates  (white).  The  shot  made  a  hole  precisely 
of  the  same  dimensions  as  that  in  the  steel  plates  (red),  the  shot 
and  plate  breaking  up  as  before,  and  forming  a  large  rent  2  ft. 
by  14  in.  The  shelf-piece  on  the  lower  deck,  formed  of  stout 
oak-plank,  was  cracked,  up  and  down,  and  the  side  of  the  ship 
bilged-in  1^  in.  The  fire  was  then  directed  agaiust  the  portion 
of  the  ship  covered  with  2^in.  steel  plates,  and  made  a  round 
hole  14  inches  in  diameter,  driving  the  parts  of  the  plate  and 
shot  in  to  the  depth  of  2  ft.  2  in.,  till  the  shot  came  in  contact 
with  the  shelf-piece,  and  a  beam  on  the  lower  deck,  both  of 
which  were  started  by  the  concussion. 

399.  Bhips  of  war  intended  to  be  used  as  floating  batteries 
have  been  constructed  in  different  ways,  with  the  view  of  giving 
them  the  greatest  powers  of  resistance.  In  one  class  of  ships 
(the  *^  Erebus ")  the  main  frame  consists  of  strong  iron  ribs 
which  are  lined  inside  with  iron  plates  nearly  f  of  an  in*  thick ; 
on  the  exterior  of  the  ribs  is  an  oak  planking  5  or  6  in. 
and  these  last  are  covered  with  wroughlriion  plates  4  in. 
Another  and  apparently  a  more  effectual  method 
such  ships  (the  ''  Meteor ")  is  to  form  tlie  zi 
10  in.  thick,  placed  about  5  in.  asunder,  1 
filled  up  solid ;  within  these  ribs  is  a  planldi 
at  the  top,  but  diminishing  gradually  to  4 
and  on  the  outside  of  the  timbers  is  an  oak 
On  the  exterior  are  plates  of  wrought  iron  4  n 
bolted  to  the  ship's  sides  with  nuts  and  serewBL 

400.  The    effect    of   32-lb.   cast-iron    spbem 
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with  a  charge  of  10  lbs.  of  powder,  against  the  "  Erebus^"  wi 
merely  to  make  some  small  cracks  in  the  iron  coyering  ;  bat 
()8-lb.  shot,  with  a  charge  of  16  lbs.,  at  the  same  distanc 
after  two  or  three  rounds,  ripped  up  the  inner  lining  to  H 
extent  of  2  ft.,  broke  oflf  the  knee  part  of  a  beam  to  the  extei 
of  3  ft.,  and  drove  the  fragments  in-board.  An  iron  rib,  on  eac 
side  of  the  line  of  penetration,  was  cracked  through,  and  sever 
pieces  of  shot,  with  many  rivets  and  bolt-heads,  were  broken  c 
and  driven  across  the  deck,  while  the  sides  of  the  ship  we: 
bilged  inwards  about  1^  in.  The  shot  was  broken  in  pieces  I 
the  impact  The  effect  of  the  68-lb.  shot  was  so  destructiv 
that  after  the  second  round  it  was  deemed  unnecessary  to  co] 
tinue  the  firing. 

401.  With  respect  to  ships  constructed  according  to  the  secoK 
of  these  methods  (the  "  Meteor "),  no  crack  or  visible  dama^ 
took  place  when  32-lb.  cast-iron  shot  was  fired  againi 
them  at  400  yards*  distance,  with  charges  of  10  lbs.  of  powde 
A  68-lb.  cast-iron  round  shot,  with  a  charge  of  16  lbs.,  at  tli 
same  distance,  made  cracks  in  the  plates,  and  started  a  bo 
with  some  of  the  inside  planking  ;  but  wrought-iron  shot  of  tl 
same  nature,  with  an  e(}ual  charge,  broke  off  a  piece  of  a  plal 
15  in.  long  and  9  in.  broad,  and  drove  it  inside  the  ship.  Tl 
inner  lining  was  bilged  and  shaken,  but  no  bolt-heads  wei 
b  -oken  off.  The  like  shot,  at  the  distance  of  300  yards  onl; 
drew  some  bolts  and  shook  the  inside  planking.  A  68-pound< 
shell,  at  that  distance,  with  a  charge  of  12  lbs.,  did  no  damage. 

402.  In  February  1860,  experiments  were  made  at  Portsmout 
with  the  pivot-gun,  68-pounder  of  95  cwt.,  of  the  "Stork"  gui 
boat,  at  a  short  range,  against  an  iron  plate  4  in.  thick,  6  f 
long,  and  4  ft.  wide,  aflBxed  to  the  side  of  the  "  Old  Briton 
frigate.  The  result  was,  that  the  third  shot  broke  and  smashe 
the  plate,  drove  large  portions  of  it  through  the  frigate,  an 
strewed  the  deck  with  numerous  fragments  of  iron  and  splintei 
of  timber,  more  destructive  than  any  shell. 

403.  In  March,  1860,  experiments  were  made  against  a  targe 
faced  with  plates  of  the  manufacture  of  Messrs.  Palmer  &  Co 
each  plate  being  6  ft.  by  3  ft.,  and  4^  in.  thick.  They  wer 
bolted  on  with  homogeneous-iron  nuts  and  bolts,  each  bo] 
being  double-nutted,  and  fired  at  with  an  Armstrong  80-poimde 


Skct  ,XJ1.        metallic  DEFENCES  TO  BATTERIES.  40.'{ 

gun,  at  400  yards'  distance.  These  plates  appear  to  have  stood 
better  than  any  hitherto  tried.  But  after  two  previous  blows 
from  a  conical-headed  cast-iron  shot,  which  slightly  cracked  one 
of  the  platea,  a  hole  was  punched  in  it  by  a  homogeneous-iron 
flat-headed  shot,  the  part  punchet!  out  being  forced  into  tlie 
scantling  of  timber  to  a  depth  of  several  Fig.4i. 

inches.  At  the  fifth  shot,  a  portion  of  the 
I>late,  of  the  form  shown  in  the  annexed 
diagram,  of  the  dimensions  thereon  noted, 
was  driven  into  the  timber,  to  the  depth  of  | 
20  inches.  The  exterior  planking,  though 
much  shattered,  was  not  splintered.  At  the  eighth  shot,  the 
lai^er  lialf  of  the  plate  was  broken  off,  leaving  the  timber  in 
rear  improtected,  but  no  portion  of  the  shot  or  plato  passed 
through  the  scantling,  although,  by  having  penetrated  to  the 
depth  of  20  in.  they  were  very  near  perforating  the  side.  The 
five  shots  first  fired  struck  the  target  within  a  radius  of  17  in., 
the  individual  effects  of  which,  in  succession,  were  noted. 
Firing  only  one  shot  at  a  time  is  no  very  severe  or  sufficient 
test  of  the  real-service  efSciency  of  these  vessels.  Very 
different  would  be  the  efi'ect  of  a  number  of  shot  striking  simul- 
taneously, in  concentrated  continued  firing,  in  action.  The 
battering  power  of  such  heavy  guns,  and  the  impacts  of  their 
solid  shot,  taking  efi'ect  upon  one  particular  portion  of  the  ship, 
would  assuredly  make  a  large  breach  in  her  aide. 

404.  In  the  attack  of  maritime  fortresses  (Art,  34(5),  if  the 
ships  are  allowed  to  approach,  with  impunity,  near  enough  to 
l>e  able  to  measure  their  distance  from  it,  and  within  effective 
range  (about  400  or  500  yards),  to  open  their  fire  deliberately, 
and  if  the  naval  operations  are  combined  with  a  land-attack, 
the  torrent  of  shot  which  may  be  projected  against  the  walls  of 
the  fortress  will,  in  genei-al,  be  irresistible.  It  was  thus  that, 
by  a  combined  attack  of  the  :^l'v-^  r-r]  Virv'  li'i'*—;r--i.  the 
fortress  of  liomarsuud  was  destri.i;.  '■  i, 

405.  The  defenceless  state  of  ■  ousts, 
has  lately  become  an  objpff  nf  ^cimu.-  ni-.tuiiT'ij  ■:!,  Cuf  j  mil.  of 
the  Government;  and  hiitti  vitv^  w  forts  h*TH  liOun  I'jttifiLmi.'ted 
in  various  places,  in  the  ..xpei-tulion  Vmii  WmJT  wfll  V''<^*^t 
efficient  ubstai'IeH  to  any  uU(nupt«  on  'tbt-  i 
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efl'ect  a  landing.  Ah  tlie  destruction  of  some  of  these  will  ba 
the  first  object  uf  the  eiieiny,  it  becomes  of  the  fti-st  iiuportsnca 
that  they  should  he  made  capable  of  reeisting  the  tire  of  ths 
heaviest  artillery  that  can  he  brought  against  them. 

The  project  of  covering  ships  with  thick  plates  of  in 
to  hare  led  to  the  ides  uf  protecting,  in  like  manuer,  the  stona 
faces  of  land-batteries  and  forts  with  massive  slabs  of  iroii ;  ai)4 
to  try  the  efficiency  of  this  mode  of  strengthening  the  wslls  d 
fortresses,  was  the  object  of  some  experiments  made  in  Uii| 
country  in  the  year  1857. 
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406.  In  the  month  of  September  of  that  year,  a  Select  Com- 
mittee of  the  officers  of  the  Roya!  Artillery,  with  a  number  of 
scientiiie  ofBcers  in  other  branchcB  of  Her  Majesty's  servics, 
assembled  in  the  practice-ground  at  Woolwich,  to  witness 
experiments  of  this  nature. 

A  target  was  formed  of  three  cast-iron  blocks,  each  8  ft.  long, 
2  ft.  high,  and  2^  ft.  thick,  average  weight  of  each  block  8  tons. 
They  were  placed  one  aboye  another,  a  groove  being  cast  on 
the  upper  surface  of  tlie  centre  block,  3  in.  deep  by  14  in.  wide. 
to  receive  a  corresponding  projection  on  the  imder  surface  of 
the  block  above  it.  This  target  was  supported  in  rear  by  a 
rectangular  mass,  consisting  of  six  heavy  blocks  of  granite, 
each  block  4J  x  3  x  2  ft.  leading  4^  ft.  of  the  centre  of  the 
tai^t  unsupported. 

Practice  against  tliis  target  was  carried  on  at  400  yards,  with 
a  ti8-ponnder,  95  cwt.  gun,  IG  lbs.  charge,  with  cast  and 
wrought  iron  shot,  at  (he  distance  of  (iOO  yards :  four  of  the 
shot  were  of  wrought  iron,  and  the  rest  of  east  iron.  The  wall 
was  Btruek  ten  times,  and  entirely  destroyed.  The  annexed 
tigiires  (45  and  46)  represent  the  appearances  of  the  wall,  at 
the  front  and  back,  at  the  conclnsion  of  the  experiments. 

407.  The  accompanying  sketch  (fig,  47)  is  a  striking  illus- 
tration of  the  marvellous  manner  in  which  slabs  of  iron  and 
blosks  of  stone  were  broken  up  at  every  blow. 
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408.  Another  experiment  was  made  against  a  east-iton  block, 
6  ft.  by  4  ft.  and  2  ft.  thick,  weight  9  tona  13  cwt,  with  the  same 
gun  and  charge  as  before,  and  at  the  same  range  as  the  experi- 
ment f^inst  the  three  iron  blocks.  Only  one  caatr-iron  shot 
struck  the  block,  knocking  it  down,  and  cracking  it  through  the 
entire  face. 

409.  In  April,  1858,  an  experiment  was  made  at  WocJwich, 
against  a  wrongbt-iron  plate  6  ft  square  and  8  in.  thick,  placed 
in  a  leaning  position,  as  in  the  annexed  figure,  the  foot  n 


on  the  ground,  before  a  log  of  wood  A,  about  10  in.  square,  and 
the  top  of  the  plate  supported  by  a  wall  formed  of  these  blocks 
of  cast  iron,  B  B,  tongued  into  one  another.  Immediately 
behind  these  were  placed  two  piles  of  blocks  of  Eslid  granite, 
C  C,  but  the  space  between  the  plate  and  the  upright  wall  left 
void.  Shot  of  different  kinds  were  fired  against  the  iron  plate, 
from  a  68-ponnder  of  95  cwt.,  with  charges  of  16  lbs.  of  powder, 
at  diflFerent  distances ;  and  fig.  48  Shows  the  various  points  of 
impact  The  Ist  at  a  distance  of  600  yards,  cast-iron  shot, 
caused  indentations  as  at  Nos.  4  and  5,  which  were  about  1-3  in. 
deep;  they  also  produced  cracks  and  slight  bulges. behind, 
besides  cracks  6  in.  long  on  the  front  face  and  edge :  the  im- 
pact No.  8  increased  the  former  cracks. 

2nd.  Coat-iron  aJtot,  distance  400  yards.  The  impact,  No.  10, 
formed  a  crack  as  at  z  « ;  those  at  Nos.  12  and  13  bent  the 
plate  a  little,  and  formed  bulges  and  wide  cracks  behind. 

3rd.     Wr&ught-iron  ahct,    cKstance    600    yards.      This    shot 
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caused  indentations  as  at  Nos,  14,  l(i,  and  18,  which  were 
1-9  in.  deep,  and  broke  off  large  fragments  from  2  ft.  to  3  ft. 
square. 

■1th.  Wrotight-iron  gkot,  distance  400  yards.  The  impact 
No.  19  broke  off  a  large  fragment ;  and  the  part  of  the  plate  to 
the  right  of  the  line  x  y  was  entirely  broken  up.  The  impact 
No,  20  caused  a  crack  as  fur  as  the  bottom  edge ;  and  the  shot 
glanced  off  high  in  the  air,  falling  at  a  point  about  500  yards 
distant,  and  at  right  angles  to  the  range. 

410.  It  results  from  these  experimeuts,  and  others  given  in 
Arts.  173,  174,  175,  that  vessels,  constructed  wholly  of  mm, 
cannot  be  made  shot-proof,  and  are,  therefore,  entirely  un£t 
for  any  of  the  piu'poses  or  contingencies  of  war  (see  Arts. 
176,  177).  Of  this  the  figures  given  in  pp.  128,  129,  130, 
405,  of  the  effects  of  shot  upon  slabs  or  plates  of  iron,  are 
abundant  proofs.  The  "Great  Eastern"  would  be  shot  throogh 
and  through,  by  such  guns  as  those  used  in  the  experiment*, 
rtud  large  fragments  of  iron  driven  into  the  sliip,  at  every  per- 
foration, with  terrific  effect.  A  few  li8-lb.  shot,  taking  effect 
at  or  a  little  below  water-line,  would  drive  the  crew  to  the 
pumps;  and  although  leaks  on  the  inner  skin  of  the  ship 
might  be  plugged,  the  outer  skin  could  not  be  got  at. 

411.  Another  remarkable  experiment  was  made  on  VKOC 
defences  of  another  description,  viz.,  the  employment  of  a  port 
cullis  made  of  chain-work :  it  consists  of  a  chain  \  in.  thiols 
formed  into  squares  of  about  1  ft.  ew;h  way.  This  ehatn-wotk 
it  is  proposed  to  place  in  front  of  any  barrier  constructed  rf 
strong  timbers,  at  the  entrance  of  a  fortress ;  and  it  was  ei- 
jiected  that  the  chain-work  would  resist  the  explosion  of  aoy 
quantity  of  gimpowder  which  might  bo  applied  to  it,  and  thus 
prevent  the  entrance  of  an  enemy's  troops  into  the  place. 

Experiments  were  recently  tried  on  suchapieceof  rhain-work, 
before  a  barricaded  sallyport  at  Chatham;  on  whicli  occa^oa 
a  bag,  containing  00  lbs.  of  gimpowder,  v^as  hung  on  the  chain- 
work  before  the  barrier.  The  result  of  the  explosion  was  tbdtr' 
though  the  wooden  gate  was  shivered  to  atoms,  and  the  brick- 
work of  the  sallyport  loosened,  the  chain  remained  perfect. 
The  lite  exiieriment  was  tried,  and  a  third,  in  which  120  IW 
of  powder  were  employed ;  and  th?  residt  was,  that,  although 
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the  brickwork  of  the  sallyport  was  toru  away,  only  one  link  of 
the  chain  was  broken.  By  the  direction  of  Colonel  Sandham, 
Director  of  the  Eoyal  Engineer  Establishment,  a  6-pounder  field- 
gun  was  brought,  in  order  to  try  the  eflTect  of  shot  on  the  chain ; 
the  consequence  was,  as  might  have  been  expected,  the  first 
bail,  fired  at  a  distance  of  40  yards,  broke  away  so  much  of  the 
chainwork,  that  an  aperture  was  formed  sufficiently  large  to 
permit  any  number  of  troops  to  pass  through.  The  like  trial 
was  repeated  several  times,  with  similar  results.  Thus  iron 
proved  a  bad  material  for  defensive  armour  in  this  case  like- 
wise. 

SECTION  XIII. — ON  MASONRY  DEFENCES  STRENGTHENED  BY  A 

COMBINATION  OP   IRON  SLABS. 

412.  Extensive  experiments  have  been  made  in  the  United 
States  in  1852  and  continued  to  1855,  against  a  wall  repre- 
senting a  portion  of  the  masonry-works  which  have  been  con- 
structed to  a  considerable  extent  since  1808  for  coast  defences ; 
to  test  the  efficacy  of  plates  and  slabs  of  iron  to  strengthen  the 
outer  edges,  "flaring  surfaces"  (cheeks),  and  throats  of  case- 
mated  embrasures. 

413.  The  objects  of  these  experiments  were  to  ascertain  the 
effc'.ts  of  solid  shot,  shells,  grape  and  canister  shot,  from  heavy 
orciance  at  200  yards'  distance,  upon  various  materials  used  in 
the  construction  of  casemate  embrasures ;  to  ascertain  whether 
embrasures  might  not  have  a  form  that  would  shut  out  the 
smaller  of  these  missiles,  and  resist  for  a  time  the  heaviest, 
without  lessening  the  sector  of  fire,  horizontal  and  vertical,  of 
the  casemate  gun;  to  determine  whether  the  throat  of  the 
embrasure  and  also  the  exterior  opening  may  be  lessened ;  to 
ascertain  whether  all  smaller  missiles  might  not  be  prevented 
from  passing  through  the  throat  into  the  battery  by  shutters 
consisting  of  two  leaves  formed  of  boiler-iron  J  in.  thick,  hinged 
to  the  vertical  throat-irons,  and  well  centred  on  their  respective 
liinges,  to  close  spontaneously  on  the  discharge  of  the  gun  at 
every  round,  with  some  device  to  keep  the  shutters  from  re- 
opening by  the  rebound. 

414.  To  determine  these  points,  a  masonry  target,  H7  ft.  long, 
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5  ft,  thick,  and  10  ft.  tiigh,  contaiuing  six  gim-embrasurea, 
adapted  to  casemated  batteries,  was  constn]ct«<l,  of  wliich 
.  49  represents  the  section  and  elevation  of  one  casemate, 


The  firiug  took  place  at  200  yards;  and  a  screen,  formed  of 
rough  boards  of  timber,  was  placed  at  the  distance  of  about 
three  feet  behind  the  target,  to  show  tlie  marks  of  all  balls  or 
fragments  that  might  paaa  through  the  embrasures, 

415.  Tlie  guns  used  were  42  and  ii^-poundera,  with  service- ' 
charges  of  one-tbird  tlie  weight  of  the  shot ;  8-in.  and  lO-in, 
shell-guns,  firing  solid  shot  of  ^S  and  128  lbs.  respectively,  witli 
charges  of  10  and  18  lbs.  of  powder,  only  one-seventh  the  weight 
of  the  projectile. 

The  main  object  of  the  exjieriinents  being  to  ascertain  whether 
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the  edges,  cheeks,  and  throats  of  casemate  embrasures  might 
not  be  effectually  strengthened  by  a  combination  of  iron  with 
the  masonry,  the  author  proposes  to  limit  his  observations  to 
that  important  point. 

416.  The  casemate  embrasures  as  shown  in  the  accompanying 
fig.  50,  p.  409,  have  an  exterior  opening  of  4  ft.  wide  by  2  ft. 
6  in.  high  at  the  outside  line  of  the  cheeks,  and  3  ft.  high  at  the 
key  of  the  covering  arch.  The  throat,  1  ft.  10  in.  wide,  is 
within  2  ft.  of  the  outside  of  the  wall,  which  at  the  embrasure 
is  5  ft.  thick. 

The  cheeks  and  throat  of  the  embrasure  being  thus  placed 
so  near  to  the  ball  when  fired  from  a  gun;  in  the  position  of 
extreme  training,  as  to  expose  them  to  great  damage  by  the 
shake  occasioned  by  the  blast  of  the  gun. 

417.  In  the  American  embrasure,  the  casemate  gun  must  be 
traversed  on  a  point  underneath  the  muzzle  of  the  gun,  in  the 
middle  of  the  throat,  where  for  this  purpose  the  pintle  must  be 
established  firmly  in  the  stone ;  and  the  bar,  whether  of  timber 
or  of  iron,  on  which  as  a  radius  to  that  centre  the  gun  is  tra- 
versed, must,  as  well  as  the  pintle,  be  greatly  exposed  to  de- 
struction by  working  on  the  sole  of  the  embrasure  exposed  to 
any  inroads  of  shot  If  the  platform  were  made  to  turn  upon 
a  point  (fig.  51  opposite),  but  not  upon  a  pintle,  underneath  the 
muzzle  of  the  gun,  upon  iron  rails  or  "  racers "  laid  down  in 
arcs  of  circles,  concentrating  upon  that  point,  and  grooved 
tracks  placed  under  the  traversing-platform  to  run  upon  those 
circular  rails  (see  %.  51),  the  gim  would  be  traversed  without 
any  exposure  of  the  traversing-machinery  to  shot  coming  in 
through  the  embrasure. 

418.  Perhaps  the  American  embrasure  maybe  better  adapted 
to  the  case  for  which  it  is  designed  than  the  funnel-shaped 
embrasure ;  but,  however  this  may  be,  it  is  not  adapted  to  nor 
even  practicable  in  the  formation  of  embrasm*es  in  earthen 
parapets  18  ft.  thick.  In  the  United  States'  casemate  embra- 
sures, the  throat  is  placed,  as  we  see,  within  two  feet  of  tlie 
wall,  and  consequently  the  width  of  the  parapet  outwards 
reduced  to  two-fifths  of  the  total  tliickness  of  the  wall.  Well 
may  the  distinguished  military  engineers  of  the  United  States 
of  the  present  day  dread  the  dangers  of  the  tliroat  being  broken 


Sbct.  XIII.    IHON  SLABS  COMBINED  WITH  MABONBY.  411 


0,0.  SectlsDotUMjtBilBotwnHishtilai. 


through,  and  the  whole  opening  through  the  embrftsore  being 
exposed  to  the  inroads  of  shot!  Well  do  those  diatinguidied 
men  see  the  absolute  necesaitj  of  endeaTOuring  to  remedy  the 
serioae  defects  of  those  masonry  defences  which  their  elder 
brethren  of  1808  introduced  fifty-two  years  ago,  by  strengdi- 
ening  the  throats  of  the  embrasures  with  enormous  sUhs  of 
iron  I  So,  if  that  form  of  embrasure  were  attempted  in  etitiieD 
parapets,  the  throat  must  be  established  far  in  to  the  mm  i4 
the  parapet ;  and,  wherever  the  throat  may  be  placed.  -At  cm 
must  be  made  to  traverse  on  a  point  in  the  middle  of  4^  Amrt, 
the  interior  part  of  the  embrasure  being  shaped  12?  a  loop- 
hole and  the  external  part  an  embrasare. 

419.  Parapets  are  unavoidably  weakemei  W  <embr»mKs  cf 
any  form :  those  of  the  ordinazy  tdnaei-Agfe^  hure  the  wiK>le 
thickness  of  the  parapet  betweea  tkv  dntfs  and  the  oat«^«^ 
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facing  of  the  work ;  but  embrasures  whose  throats  are  placed 
deep  into  the  thickness  of  the  parapet,  would,  if  that  plan  could 
be  adopted,  be  far  more  liable  to  be  ruined  than  those  of  the 
ordinary  funnel-shape :  the  angular  points  of  the  throat  would 
infallibly  be  broken  through,  and  the  whole  of  the  embrasure 
exposed  in  great  width  to  the  inroads  of  shot. 

420.  To  strengthen  the  throats,  cheeks,  and  outer  edges  of 
the  casemate  embrasure,  masses  of  wrought  iron  8  in.  thick, 
composed  of  sixteen  plafes  each  J  in.  thick,  firmly  welded  to- 
gether, backed  by  slabs  of  cast  iron,  forming  a  frame  on  the 
sides,  sole,  and  top  of  the  throat,  are  firmly  bonded  into  the 
masonry ;  the  cheeks  notched  in  planes  parallel  to  the  face  of 
the  wall,  or  covered  with  wrought-iron  plates. 

421.  Scrutinizing  the  experiments  reported  in  the  work  on 
casemate  embrasures,  it  does  not  appear  to  the  author  that  the 
expedients  proposed  by  General  Totten  have  been  so  effectual 
as  to  justify  the  Government  of  the  United  States  in  expending 
large  sums  of  money  in  attempts  to  remedy  defects  inherent  in 
all  masonry  defences. 

422.  By  the  experiments  reported  in  pages  41  and  42,  to  test 
the  efficacy  of  shutters  (described  in  Art.  413),  it  appears  that  the 
hinges  on  which  the  shutters  turn,  were  so  strained  as  to  bind 
them  against  the  gorge-plate,  and  thus  prevent  them  from 
closing  spontaneously  by  the  blast  of  the  gun  as  was  expected. 
In  the  experiment  5,  table  p.  41,  one  shutter  only  closed.  In 
round  6,  the  shutters  closed  on  the  discharge  of  the  gun,  but 
rebounded  from  the  cheek  of  the  embijtsure,  and  remained 
open.  In  round  7,  some  moist  clay  was  placed  against  the 
exterior  edge  of  the  shutters  to  show  whether  they  actually 
opened  or  not,  when  it  appeared  that  only  one  of  them  had 
closed,  but  both  were  found  partially  open.  The  thickness  of 
^in.  boiler-plate  not  being  found  sufficient  to  resist  any  small 
missile  or  large  fragment  that  might  strike  them,  was  increased 
to  1 J  inch  or  2  inches. 

423.  Perhaps  the  very  best  use  to  which  plates  of  iron  for 
defensive  purposes  can  be  applied,  is  that  proposed  by  the 
United  States'  engineers,  to  protect  by  iron  shutters  (mantiets) 
the  gunners  employed  in  reloading  their  guns  against  rifle-shot 
fired  at  them  through  the  embrasures,  but  which  it  appears  did 
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not  close  apontaueously  by  the  blast  of  the  gun  on  its  rlisoharge 
as  was  expected.  Some  other  agency  is  therefore  required  to 
ensure  their  closing.  Blasts  of  wind  driven  through  the  em- 
brasure, in  or  out,  would  defeat  the  spontaneouB  action  \yhich 
the  blast  of  the  gun  wna  expected  to  produce.  Might  not  liighly 
elastic  but  strong  gutta-percha  ropes  fastened  to  the  lower 
corners  of  the  shutters  be  attached  to  the  carriage  of  the  gun, 
so  that  by  its  recoil  the  shutters  might  be  cloned,  "and  pushed 
open  when  the  gun  is  run  up  and  ready  for  firing  ? 

424.  In  experiment,  p.  57,  it  appears  that  a  42-lb.  shot  at  200 
yards'  distance  struck  the  outer  plate  in  the  centre,  tore  out  a 
considerable  portion,  drove  off  two  or  three  other  pfeces  against 
the  opposite  cheek  of  the  embrasure,  jarred  the  brickwork  be- 
hind it,  cracked  the  casement  from  the  sole  to  the  roof,  and 
damaged  the  wall  itself  above  the  embrasure  on  the  inside. 

425.  In  the  exiieriment,  p.  5«,  it  appears  that  a  42-lb.  shot, 
fired  at  200  yards,  struck  a  block  of  granite,  cracked  the  stone, 
loosening  the  beds  entirely  through  the  wall,  enlarging  the 
cracks  caused  by  the  previous  shot ;  those  in  the  rear  of  the 
wall  showing  a  decided  effect  u[)on  the  stones  on  that  face. 

42fi.  In  page  59  it  is  stated  that  a  42-lb.  shot  fired  at  the 
same  distance  struck  the  riglit  gorge-plate,  tore  it  from  its 
fastenings,  lifted  the  inner  half  of  the  plate  entirely  from  its 
bed,  sending  it  completely  through  the  embrasure,  leaving  the 
other  plate  in  an  incbned  position  out  of  its  place,  and  the 
embra-'nu-e  unserviceable. 

427.  In  page  829,  we  see  that  the  throat-plates  of  an  em-  ! 
brasure  being  Htruck  by  a  68-H).  solid  shot,  the  cast-iron  backing  I 
was  cracked  and  pieces  di-iven  off.  J 

42fii.  In  page  130,  it  is  stated  that  tlie  shot  which  struck  I 
the  granite  under  an  angle  that  deflected  them  (which  was  I 
always  the  case  unless  that  angle  was  very  acute)  wewfll 
broken  into  many  pieces,  all  of  which  passed  on.  If  not  defl 
fleeted,  the  shot  were  invariably  crushed  up  into  a  mass  ofl 
slightly -cohering  fragments  and  fine  particles.  In  seVffl^fl 
instances,  grape  and  canister  shot  striking  the  oblique  chee  H 
nf  a  granite  embrasure  were  broken  into  numerous  fragmentefl 
all  of  which  were  deflected  through  the  throat  of  ttie  embrafl^t  ■ 
into  the  battery,  several  having  force  enough  to  pass  thr        V 
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the  shutters;  very  many  smaller  pieces  and  spiculsB  burying 
themselves  more  or  less  in  the  wooden  screens,  with  a  force  that 
would  have  caused  serious  wounds  in  human  flesh. 

429.  It  appears  from  an  inspection  of  these  tables  of  experi- 
nients,  that  the  effects  of  42-lb.  solid  shot,  fired  with  the  service- 
charge  of  one-third  the  weight  of  the  projectile,  were  more 
destructive  than  shot  fired  from  8-in.  and  10-in.  shell-guns, 
with  charges  of  10  lbs.  and  18  lbs.  of  powder,  only  one-seventh 
the  weight  of  the  shot,  as  might  have  been  expected  fit)m  their 
yery  smaU  velocity.    ... 

430.  In  the  experiments  with  the  8-in.  gun  as  reported  in 
pp.  77  and  78,  it  appears  that  the  shot  did  not  pass  through 
the  bank  of  earth  24  ft.  thick,  situated  about  10  ft.  fromi  the 
muzzle  of  the  gun.  For  what  purpose  this  mound  was  con- 
structed does  not  appear. 

431.. In  the  experiment,  p.  110,  with  solid  shot  of  128  lbs. 
weight,  fired  from  a  10-in.  shell-gun,  with  a  charge  of  18  lbs. 
of  powder,  it  appears  that  the  shot  broke  up  on  striking, 
shattered  the  wall  badly  in  all  directions,  opening  the  vertical 
joints  in  many  places.  In  the  next  round,  the  shot  broke  as 
before,  shattering  the  two  adjacent  stones  above,  below,  and  in 
all  directions.  In  another  experiment,  the  ball  penetrated 
3^  ft  into  the  wall,  making  a  crater  of  3  ft  6  in.  wide  radius. 

432.  Ll  the  conclusion  of  the  report,  it  is  stated  that  plates  of 
iron  will  be  deeply  indented  at  the  points  of  impact  by  solid  shot ; 
that  the  masonry  behind  the  plates  will  be  much  jarred,  and, 
unless  strongly  backed,  be  considerably  displaced ;  and,  more- 
over, that  unless  the  thickness  o£  3  ft.  be  well  tied  into  thicker 
masses  immediately  adjacent  on  the  sides,  above  and  below, 
the  work  will  be  severely  damaged. 

433.  Thus,  as  in  the  case,  of  iron  plates  backed  up  with 
masses  of  timber,  the  scantling  behind  the  plates  will  be  found 
to  be  seriously  damaged,  as  was  the  case  with  the  "  Trusty  '* 
(Art.  242,  p.  221),  which,  when  surveyed  after  the  experiments 
of  1860,  was  discovered  to  be  so  much  damaged  by  the  effect  of 
shot,  which  not  only  shattered  in  pieces  the  wrought-iron 
plates  with  which  she  was  covered,  but  rendered  it  necessary  to 
repair  thoroughly  the  timberwork  before  new  plates  should  be 
placed  on  her  for  future  trials. 
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434,  lu  page  138,  it  ia  stated  that  the  vibration  of  the  wal! 
was  much  more  ettergetic  iu  the  granite  portion  of  the  targets 
than  elsewhere,  and  that  rubble-Btonea  of  the  ingide  facing 
—not  always  directly  behind  the  point  struck — were  thrown 
out  by  the  first  motion  of  the  wall,  pushed  over. by  the  ball; 
and  three  or  four  stones  were  moved  out  of  their  beds,  towards 
th£  ffun,  so  as  to  project  three  or  four  inches  from  the  plane 
of  the  wall,  being  left  beliiiid  by  this  first  motion,  or  pro- 
jected forward  by  the  retnming  motion  of  the  wall,— atones, 
moreover,  that  were  well  jointed,  well  bedded  in  mortar,  and 
of  the  dimensions  of  about  3  ft.  x  1  ft.  0  in.  x  1  f t.  B  in. — while 
there  was  also  considerable  disturbance  of  all  the  other  stones 
quite  out  to  the  right  (the  nearest)  end,  and  up  to  the  top  of 
the  target.  This  motion  of  the  granite  stones  waa  very  slight 
downward,  where  the  target  was  supported  by  tlie  earth,  on 
which  it  rested ;  or  to  the  left,  where  the  stones  were  bonded 
into  a  considerable  length  of  brickwork  and  concrete.  ITie 
energy  of  these  vibratory  movements  was  very  great,  as  the 
eflects  demonstrated ;  and  though  the  space  moved  through  waftj 
no  doubt  small,  it  might  have  been  measured,  had  anything  an 
marked  been  foreseen  and  provided  for.  " 

435.  It  must  have  been  from  donbts  such  as  these,  of  the 
elficacy  of  the  expedient  and  the  cost  of  executing  General 
Totten'a  proposition,  that  the  War  Department  declined  to 
carry  it  into  effect,  in  the  following  terms : — "  Were  it  not  for 
the  vaatlj"  greater  coat,  the  whole  scarp  might  be  faced  with 
iron— indeed,  might  be  made  of  iron  only ;  but,  tmtil  there 
shall  be  much  stronger  reasons  than  now  exist,  or  are 
anticipated,  for  believing  that  well-constructed  masonry 
teriee  may  be  breached  by  naval  broadsides,  the  cheaper 
atruction  may  be  safely  followed ;  especially  as,  should  such  a 
necessity  ever  arise,  they  may  be  externally  plated  with  iron," 
If  the  necessity  arise — if  there  shall  hereafter  be  "stro] 
reasons  than  uow  exist,  or  are  now  anticipated,"  for  gi' 
still  greater  strength  to  the  aurrounding  wall— tlie  altematn 
is  open  to  us,  as  to  those  wlio  construct  the  fioating-ba1 
(without  the  objection  of  weight,  so  very  difficult  to  ovei 
in  that  structure),  to  coat  it  (about  the  embrasures,  or  fi 

.  if  neceasary)  with  iron  plates. 
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436.  A  carefiil  perusal  of  General  Totten's  work,  and  an 
attentive  examination  of  the  results  of  the  experiments  carried 
on  to  test  the  efficacy  of  the  expedient  proposed  by  him,  have 
left  on  the  author's  mind  two  very  deep  impressions,  he  might 
say  convictions :  first,  as  to  the  inability  of  masonry  walls  in 
general  to  resist  the  impacts  of  solid  shot  of  large  calibre ;  and, 
secondly,  as  to  the  defects  of  all  masonry  defences,  and  to  the 
form  proposed  to  be  given  by  General  Totten  to  the  casemate 
embrasures  of  his  system  in  particular. 

437.  It  appears  to  the  author  that  the  remedies  proposed  to 
strengthen  the  casemate  embrasures  is  the  strongest  proof  of 
the  original  error  of  having  constructed  works  of  this  descrip- 
tion so  as  to  render  it  absolutely  imperative  upon  the  engineers 
of  the  United  States  to  endeavour  to  remedy  defects  inherent 
in  masonry  defences  or  to  replace  them  by  earthen  works. 
This  observation,  if  followed  up,  would  lead  to  a  very  large 
question  on  which  it  would  be  out  of  place  to  enter,  but 
the  author  may  refer  to  his  work  lately  published  on 
*  Fortification,'  in  which  that  question  is  fully  discussed,  in 
examining  the  controversy  which  has  long  been  carried  on 
between  the  French  and  the  German  engineers  on  earthen 
works  against  masonry  works:  the  French  engineers  ad- 
hering to  the  bastion  system,  with  parapets  of  earth ;  the 
German,  Prussian,  and  •  Austrian  engineers  abandoning  the 
bastion  system,  substituting  for  the  defence  of  the  ^ditches 
extensive  casemated  caponnifere  defences,  detaching  the  escarp 
from  the  ramparts,  and  substituting  upright  walls,  in  the 
manner  of  Camot  (which  the  French  never  adopted),  in 
the  middle  of  the  ditch,  and  many  other  novelties  which  had 
been  adopted  at  Coblcntz,  Mayence,  Eastadt,  Ulm,  Guimer- 
sheim,  Verona,  Lintz,  &c.,  in  all  of  which  masonry  defences 
have  been  introduced,  as  the  author  thinks,  most  prejudicially, 
to  a  very  great  extent. 

438.  The  very  worst  combination  of  materials  that  can  be 
made  in  the  formation  and  strengthening  of  defensive  works  is 
that  whicli  consists  oiF  two  hard,  rigid,  brittle,  and  splintering 
materials — stone  and  iron, — acting  and  re-acting  vehemently 
upon  each  other,  on  the  impact  of  every  shot ;  and  which  fiiUy 
explains  the  causes  of  the  energetic  vibrations,  concussions,  and 
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displacements,  reported  in  p.  138,  of  General  Totten's  work, 
inserted  in  Art  434.  The  combination  of  timber  and  iron  is 
not  80  bad,  on  account  of  the  elasticity  of  the  timber,  by 
which  the  blow  is  somewhat  cushioned.  A  facing  of  earth  to  a 
stone  wall  as  practised  at  Sevastopol  is  a  far  hotter  cover ;  but  ' 
beat  of  all  is  a  parapet  of  earth — frood  well-rammed  earth — with 
an  escarp  wall  to  the  rampart  below. 

430.  With  respect  to  the  projwsal  of  applying  plates  and 
masonry  to  the  cheeks  of  embrasures  of  the  ordinary  fumiei- 
form,  the  author  considers  that  neither  iron  nor  stone,  nor  any 
other  rigid  material  should  be  applied  to  the  cheeks  of  em- 
brasures of  earthen  parapets ;  but  the  merlons  should  be  formed 
of  well-rammed  earth,  and  well-supported  by  gabions  filled  with 
good  earth,  staked  through  their  centres,  and  the  cheeks  formed 
of  good  turf.  A  shot  striking  there  would  penetrate  info  the 
merlon,  and  this  would  be  better  than  that  it  should  glance  off 
an  iron  plate  and  be  conducted  either  whole  or  in  fi-agmenta 
into  the  work,  which  woidd  be  the  case  if  a  shot  were  to  strike 
the  iron  plate  at  25"  or  any  less  angle. 

44U,  Reverting  to  the  main  question,  it  is  clear  that  neither 
iron  ships,  nor  ships  covered  with  slabs  of  any  thickness  of 
metal,  that  they  can  carry  with  safety  and  due  regai'd  to  sta- 
bility, can  resist  the  shock  of  the  heavy  ordnance  which  were 
brought  against  them  in  the  preceding  experiments;  far  less 
will  they  be  invulnerable  to  the  projectiles  of  the  new  guns. 

441.  It  will  probably  be  said  that,  though  a  ship  covered  with 
4-in.  plates  of  iron  may  not  be  proof  against  the  impact  of  solid 
shot,  it  will  at  least  resist  the  action  of  shells  and  hollow  sliot 
fired  horizontally  against  thera.  This  is  true,  and  therefore 
sheila  should  uever  he  used  in  firing  against  sliips  so  corered  ; 
solid  rouud  shot  or  elongated  rifle-shot  should  be  employed,  and 
such  shot  would  inevitably  destroy  them.  Hollow  sliot  is,  com- 
paratively, an  inefficient  projectile,  and  will  soon  he  discarded 
from  the  British  navy  as  it  has  already  been  from  that  of  the 
United  States ;  for,  as  has  been  justly  observed  by  Commander 
Dahlgren  ('Treatise  on  Shells  aud  Shell  Guns,'  referred  to  in 
Art.  274,  p.  272),  to  use  a  hollow  projectde  without  filling.it  with 
gunpowder — wliich  converts  a  fragile  and  nearly  harmless  jiro- 
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jectile  into  a  powerful  and  efficient  weapon — ia,  in  tliese  days, 
a  degree  of  absurdity  whicli  can  scarcely  be  imagined. 

All  guns,  and  more  especially  naval  guns,  should  be  capable 
of  firing  solid  shot  which  our  ahell-guns  are  not,  since,  even  if 
•  they  were  strong  enough  to  do  so,  their  chambers  cannot  contain 
chaises  of  powder  sufficient  to  render  the  solid  shot  effective. 
A  gun  which  can  only  fire  hollow  shot  is,  as  Commander  PabU 
greu  says,  worse  than  useless  if  put  to  fire  hollow  shot,  that  ia 
unloaded  shells. 

442.  The  French  fregatea  blindees  are  formed  of  timbers  tbick 
and  strong  as  those  of  first-rate  sliips  of  the  line,  and  their  sides 
covered  with  steel  plates,  the  thickness  of  which  is  said  to  be  2 
or  3  inches.  If  so,  it  appears  by  Articles  397,  398,  that  steel 
is  the  very  worst  material  that  can  be  used  for  resisting  shot,  and 
that  steel  plates  2  in,  thick  are  easily  broken  np  by  32-lb.  shot, 
or  even  by  shells ;  and  that  any  of  our  first-class  frigates,  if 
armed  on  the  main-deck  with  68-pounder  solid-shot  guns,  would, 
at  uuy  distance  within  efficient  range,  tear  to  pieces  a  frigate 
l)lindee  cased  with  steel  plates  of  that  thickness  within  a  very 
short  time.  These  formidable  ships  are  designed  to  be  substi- 
tuted for  ordinary  line-of-battle  ships  in  ocean  fleets,  and  are 
each  armed  with  36  heavy  guns,  2-1  of  which  are  50-poimders 
converted  into  rifled  guns.  The  adoption  of  this  scheme  by 
England  has  been  strongly  recommended  by  an  able  and  much 
lamented  naval  officer  recently  deceased  (Captain  Moorsom), 
believing  apparently  that  linenjf-battle  ships  cut  do^vn  to  their 
lower  decks,  and  their  sides  covered  with  4-in.  iron  plates 
would  not  only  constitute  ou  effective  defence  against  shells 
fired  horizontally,  hut  even  a  ccusiderable  protection  against 
the  heaviest  round  shot  still  in  use,  and  going  so  far  as  to 
assert  that  the  fleelfi  of  Great  Britain  should  consist  of  such 


443.  A  very  able  and  distinguished  French  officer,  M.  Richild 
Grivel,  a  great  admirer  and  advocate  of  the  Emperor  Louia 
Napoleon's  fioating-batteries,  constructed  for  the  attack  of  forta 
and  fortresses  and  other  special  purposes  in  inland  seaa,  con- 
demns, in  DO  measured  terms,  the  notion  and  the  practicability 
of  using  them  in  ocean  fleets  as  substitutes  for  bne-of-battle 
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ships.  Admitting  fiilly  the  advantage  of  floating-batteriea,  gan- 
boata,  and  other  vessGls  of  amall  draft  of  water,  for  the  special 
services  above  stated,  he  has  well  said  that  to  dominant  fleets  of 
Hne-of-battle  ships  for  service  in  the  open  sea  will  always  belong 
the  sovereignty  of  the  ocean ;  and  that  tlie  nation,  that  would 
renounce  these  true  representatives  of  naval  power,  by  consti- 
tuting their  Beets  of  comparatively  small  ships,  adapted  only 
to  services  purely  special,  would  be  iufalhbly  erased  from  the 
category  of  first-rate  naval  powers." 

444.  From  the  experiments  above  related  (Arts.  385, 388-400), 
it  is  evident  that  plates  even  of  wrought  iron  4in.  thick  may 
be  pierced  through  and  destroyed  by  68-lb.  spherical  shot,"  and 
by  the  jirmstrong  and  Whitworth  elongated  shot,  if  not  backed 
up  by  a  very  considerable  mass  of  timber ;  and  tliat  when  cracks, 
or  indentations  only,  are  made  in  the  plates,  this  does  not  arise 
from  any  want  of  power  in  the  shot  to  penetrate  iron  plates  of 
far  greater  thickness  than  these  (Ai-ts.  401,  402,  403),  but  from 
the  resistance  of  the  mass  of  timber  forming  the  body  of 
the  ship,  by  a  large  surface  of  which  the  blow  is  resisted  and 
penetration  prevented,  but  which  so  shatters,  fractures,  and 
ravages  the  timber  to  which  the  plates  are  attached,  as  to 
render  the  ship  incapable  of  resisting  protracted  action  unless 
the  carjientry  of  the  ship  be  made  much  thicker  and  stronger 
than  that  of  those  ships  which  have  been  already  subjected  to 
these  severe  trials. 

445.  But  to  render  floating-batteries  perfectly  shot-proof  and 
capable  of  contending  with  coast-batteries,  their  decks  as  well 
as  their  sides  must  be  covered  with  shot  and  shell  pnrof  iron 
plates,  so  to  protect  them  agamst  the  plunging  but  direct  fire  of 


•  "A  la  fiotte  Ap.  guerre,  vaisscaui,  frigates  et  aotrca  batimeDte  d'un  grand 
timot  d'eau,  apparticudm  toujours  b  Eouvcraiiiet^  sur  I'oc^n  et  duns  les  eaux 
profundea.  Uue  nat[on  qui  renoncerait  a  ceB  piemierB  repr^BCiitants  de  an  ■ 
force  militaire,  pour  ne  jilus  construire  qnellea  bltimeuta  dc  fiotille  ou  de 
tniDBport,  deatin^a  a  das  us^ea  puremeat  sp^iaiiic,  aerait  inralUiueut  rayee  de 
Tuchulle  dea  puissances  navalea." — '  Attoques  <'t  liombardemeiits  Marilimvs,' 
par  M.  RicUld  Grivel  (p.  (J9)- 

^  Supposing  the  lar^t  bntterii^-iBm  in  tue  in  oturient  WBiisre  lo  bavc  been 
worked  by  500  men,  each  exertiog  &  tocoe  tj  7P  Ih^^^BOntentu  a  pioducud 
by  their  actlou,  if  it  were  uiOfM  at  ftftlQttdHHHB^wmid,  wuulil  } 
repreaeuled  by  36,000, 
elocityof  IQOO  ft.  per  M 
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batteries  ao  placed  aa  to  have  some  command  above  tbe  leTet' 
of  tbe  sea — a  condition  whicb  none  of  the  floating-batteries 
hitherto  constructed  have  fulfilled,  from  their  inability  to  cany 
such  an  additional  weight  of  metal. 

440.  Some  interesting  experiments  have  recently  been  made 
against  iron  ^latea  by  Sir  William  Armstrong's  new  80-Ib. 
shells,  against  a  target  resembling  the  scantling  of  a  50-gTiQ 
frigate,  covered  with  plates  of  iron  of  various  descriptions,  of 
IJ,  2,  2J,  and  3  in.  thick,  bolted  to  the  timber  with  wroiight- 
iron  screws  and  nuts.  The  Armstrong  shell,  fired  with  a  charge 
of  10-lbs.,  pierced  the  JJ  and  2  in.  plates  without  failure. 
When  fired  agauist  the  3-in.  plates,  one-half  only  of  the  uuiaber 
fired  penetrated  the  plates,  but  not  the  timber,  driving  pieces 
of  the  plates  from  1  ft.  to  14  in.  into  the  timber.  An  8-in. 
Bpherieal  shell  fired  with  a  charge  of  16  lbs.  against  the  2^iii. 
plates,  made  only  a  circular  crack  round  tlie  point  of  impact. 
No  shell  penetrated  in  an  unbroken  state,  and  did  not  therefore 
show  the  efifects  that  a  live-shell  would  have  produced  by 
bursting  between  the  decks ;  or,  what  is  still  more  destructive, 
lodging  in  the  side  and  there  bursting. 

447.  Solid  shot  of  puddled  steel,  and  others  of  cast  iron, 
fired  at  the  target,  penetrated  through  the  2^  and  3  in.  plates, 
the  caat-irou  sliot  doing  greater  damage  to  both  the  plates  and 
timber  of  the  targets,  though  broken  in  passing  tlirough  tbem, 
whilst  tbe  shot  of  puddled  steel  passed  unbroken  tlirough,  both 
driving  off  many  splinters  of  plate  and  wood. 

448.  Experiments  were  then  made  with  the  Armstrong  gun 
upon  tbe  "Trusty"  floating-battery,  whose  sides  were  2  ft. 
tiiick,  covered  with  wrought^iron  plates  4  in.  thick,  securely 
bolted  on  through  the  timbers,  and  fastened  by  nuts. 

At  400  yards,  with  fiat-lieaded  cylindrical  shot,  formed  of 
puddled  steel,  80  lbs.  weight,  and  homogeneous-iron  shot  of 
78  lbs.,  fired  with  charges  of  12  lbs.  of  powder,  none  of  the  cast- 
iron  shot  remained  unbroken.  One  shot  crushed  a  plate ;  two 
shots  broke  the  plates  but  did  not  pierce  tbe  timber ;  one  shot 
only  passed  through  the  plates  and  scantling,  but  that  shot 
struck  close  to  a  previous  hole.  Two  puddled-steel  shot  were 
then  tried,  one  of  which  struck  close  under  a  port,  drove  in  a 
piece  of  plate  17  in.  by  II  in.,  and  scattered  splinters  of  wood 
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and  iron  over  tlie  deck,  the  other  puddled-steel  shot  sfnick  in 
the  centre  of  a  plate  and  crushed  it,  unbroken. 

The  only  shot  that  really  penetrated  fhe  plates  and  timber 
was  formed  of  homogeneouB  iron ;  it  struck  near  the  centre  of 
one  of  the  upper  plates;  smashed  off  a  piece  21  in.  by  11  in., 
and  passed  through  the  timber,  where  it  lay  partially  imbedded. 
Two  cylindrical  shot,  of  80  Iba.  each,  went  clean  tlirough  both 
iron  and  timber,'  at  a  distance  of  200  yards,  ivith  a  charge  of 
12  lbs.  A  homogeneous-iron  solid  shot  penetrated  nearly  a 
foot  into  the  timber,  making  a  hole  in  the  plat«  of  about  its  own 
diametfir.  A  shot  of  similar  form  and  weight,  having  struck 
close  to  a  hole  previously  made,  passed  entirely  through  the 
side  of  the  ship,  driving  a  fragment  of  the  broken  plate  deep 
into  the  timber  on  the  other  side  of  the  slup. 

449.  The  effect  of  homogeneous-iron  shot  upon  the  timbers  of 
the  ship  differed  from  that  of  other  shot  in  this,  that  (he  homo- 
geneous shot  made  more  extensive  breakage  of  plates,  driving 
their  fragments  deep  into  the  wood,  from  their  smaller  initial 
velocity  (Arts.  108,  246,  250,  401).  All  these  shots  produced 
great  ravaging  effects  upon  the  timber  behind  the  plates. 

450.  Shots  were  fired  through  the  ports  of  the  "  Trusty  "  so  as  to 
strike  the  other  side  of  the  ship  without  having  previcnisly  struck. 
The  effect  of  this  was  that  a  piece  of  8  ft.  long  by  2  ft.  of  a  plate, 
was  broken  off  and  driven  into  the  sea  after  the  shot  had  passed 
through  the  timber  of  that  side  of  the  ship.  This  effect  is  an 
important  result  which  had  not  previously  been  tried,  inasmuch 
as  no  opening  resembling  ports  had  been  made  in  the  targets 
representing  ships'  sides ;  whilst  the  gun-ports  of  the  ships  fired 
at  were  filled  in.  Now,  computing  by  tlie  doctrine  of  chances 
the  number  of  shot  which  struck  a  surface  of  giveii  length  and 
height — viz.  a  section  of  a  ship — bow  many  woidd  pa?" 
any  given  number  of  porta  of  the  ordinary  dime 
be  safely  afiirmed  that  not  leas  than  one-eighth 
of  shot  that  took  effect  upon  a  target  of  the  1 
of  the  ship  would  pass  through  the  ten  port' 
and  a  great  many  more  would  pass  into  a  sbi 
"Alfred," through  the  twenty-five  openings  i 

•  Sir  William  Armatroug's  stalemeut  to  Iha  nutlio 
the  effect  of  the  Wliitworth  flnt-hesded  hexagonal  sUt 
Alt.  242,  r-  216. 
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451.  This,  it  muBt  be  observed,  is  a  very  iraportant  circiim- 
staace,  hitherto  unnoticed,  as  to  the  effect  of  horizontal  Bring 
from  coast-batteries  hfieur  d'eau,  at iron-eided  floating-batteries; 
and  suggests  important  practices  with  cannon  of  preoision, 
if  work«i  by  highly-skilled  gunners.  But  this  effect  in  hori- 
zontal firing  against  such  ships,  though  very  important  to  he 
noticed,  is  not  to  be  compared  with  the  far  more  destractire 
effect  which  must  be  produced  upon  iron-sided  floating-batteries, 
whose  upper  decks  are  penetrable  to  shot  and  shells  when 
exposed  to  a  plunging  fire  from  batteries  placed  on  com- 
manding sites  of  suitable  height.  When  the  "  Trusty  "  fioating- 
battery  was  taken  to  Chatham  to  be  thoroughly  repaired  for 
future  trials,  the  whole  of  the  thick  iron  plates  with  which  ahe 
had  been  covered  were  found  cracked  and  broken  to  pieces,  and 
the  timbers  much  shattered. 

452.  In  the  experiments  made  against  the  "  Undaunted,"  at 
Portsmouth,  the  following  results  were  obtained : — Sis  wronght- 
iron  68-lb.  shot  were  fired  with  a  charge  of  16  lbs.  at  200 
yards,  the  iron  plates  being  4J  in.  thick ;  four  of  these  shot 
broke  the  plates,  but  did  not  penetrate  the  timber ;  two  passed 
entirely  through  both  plates  and  timber.  Forty-three  caat-iron 
68-lb.  shot  were  fired  against  other  plates  of  similar  thickneas. 
Of  these,  four  passed  through  the  plates  but  not  the  timber. 
Kine  passed  through  both ;  but  there  was  only  one  case  of  a 
shot  taking  good  effect  after  striking  an  uninjured  plate.  Thus 
of  the  four  shota  that  passed  through  the  plate  witliout  pene- 
trating the  timber,  only  one  went  through  a  plate  that  had  not 
been  previously  weakened. 

453.  The  shot  that  penetrated  entirely  through  the  platen 
and  the  timber  had  aU  passed  through  plates  previously 
weakened.  No  penetration  was  effected  by  red-hot  CS-ib.  shot, 
with  a  charge  of  10  lbs.  The  3  and  2J  in.  plates  were  M 
penetrated  by  68-lb.  shot  and  shells. 

454.  The  following  conclusions  may  safely  be  made  from  the 
preceding  experiments : — 

Ist.  That  thin  plates  of  wrought  iron  are  proof  against  any 
shells,  for,  though  the  shells  may  pass  through  the  plates,  they 
will  be  in  a  broken  state. 

2nd.  That  being  proof  against  shells  will  avail  tittle  (Art. 
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441)  unless  the  vessels  are  likewise  proof  against  solid  shot; 
for  Bhella  would  of  course  not  be  fired  against  sliips  proof  against 
them,  whereas  the  destructive  effects  produced  by  fragmenta  of 
ahot  and  of  plates,  and  the  great  damage  done  to  the  scantling 
of  the  ship  by  solid  shot  appear  more  like  the  result  of  a  shell 
than  of  a  shot. 

3rd.  That  rifled  projectiles  produce  greater  effect  than 
^herical  projectiles  of  the  same  weight  at  long  than  at  short 
ranges,  on  account  of  the  rifled  elongated  projectiles — the  re- 
sistance to  which  is  a  minimum — retaining  more  of  their  initial 
velocity  than  spherical  projectiles  at  the  same  distance. 

4tli,  That  the  thickness  of  plates  required  to  resist  shot  fired 
from  the  heaviest  nature  of  guns  must  not  be  less  than  4J  in. 

5th.  That,  to  secure  the  resistance  of  the  plates  and  tlie  im- 
penetrability of  the  sides  of  a  ship,  it  is  indiapensable  that  the 
plates  be  strongly  backed  by  masses  of  the  strongest  and  most 
resisting  timber,  aa,  in  all  the  cases  to  which  reference  has  just 
been  made,  it  appears  that  the  plates  are  easily  broken  when 
the  support  is  removed  from  behind  them,  by  the  crushing, 
fi'actnring,  and  damaging  effects  of  the  impacts  of  the  shot. 

455,  Experiments  were  made  in  1848  at  Portsmouth  {Arta. 
163  and  164),  against  the  "  Leviathan  "  to  ascertain  whether  a 
round  shot  fired  at  depression  into  the  water  close  to  a  shijj 
would  continue  its  course,  and,  passing  through  the  water,  can 
maintain  force  suiBcient  to  penetrate  into  the  ship  considerably 
below  the  water-line ;  for  this  a  32-pounder  gun  of  56  cwt,  with 
a  charge  of  10  lbs.  was  tired  at  a  depression  of  7  degrees  from  a 
dockyard  "lump,"  16  yards'  distant  from  the  "Leviathan," 
The  shot  struck  the  water  4  feet  from  the  ship's  side,  rose 
immediately,  passed  through  the  orlop  and  was  found  on  tlie 
lower  deck.  Another  shot,  fired  under  the  same  circumstjinces. 
only  indented  the  wood  18  inches  below  the  water-line.  But 
elongated  rifle-shot  fired  into  the  water  hftTQ  t 
entering  and  passing  through  tba  fluid^ 
axes,  and.  after  passing  tlirougli  ; 
force  sufScient  to  peneteate  a 
This  was  proved  by  i 
circumstances 
against  the  "I 
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fired  from  a  24-pounder  passed  through  33  feet  of  water,  and 
then  peuetrated  into  the  ship  through  12  or  14  inches  of  oat- 
beams  and  planking.  This  peculiar  faculty  of  elongated  rifle 
shot  may  prove  very  destructive,  if  not  fatal,  to  a  eliip  close 
alongside,  by  a  perforation  so  low  that  it  cannot  easily  be 
plugged.  But  from  what  has  been  stated  in  Arts.  163, 164,  and 
Art.  213,  p.  225,  this  effect  can  only  be  produced  at  short  ranges 
when  the  elongated  shot  enters  fairly  into  the  water  iu  the 
direction  of  its  length.  And,  if  the  perforation  be  made  through 
iron  sides,  it  cannot  be  plugged  from  within,  nor  could  the 
parasol-plug  (Art.  172)  be  applied. 

456.  It  is  clear,  from  the  result  of  the  preceding  experiments, 
that  no  perfectly  shot-proof  ship,  capable  of  resisting  a  pro- 
tracted cannonade  of  68-poundcr  solid-shot  guns  and  the  new 
rifled  guns,  has  yet  been  produced.  Those  that  have  been 
hitherto  constructed  afford  considerable  shelter  to  their  crews 
for  a  certain  time,  and  may  run  past  any  coast-battery  witli 
comparative  impunity  ;  but  in  so  running  past  batteries  to  take 
a  stationary  position  for  the  attack  of  the  great  objective,  what- 
ever it  may  be,  they  will  have  to  sustaiji  a  protracted  can- 
nonade from  several  coaat^batteries  armed  with  the  heaviest 
guns,  and  which  batteries  should  rather  be  dispersed  on  several 
sites,  to  concentrate  their  fire  obliquely  upon  tlie  floating-bat- 
teries iifieiir  d'eau,  unless  the  ground  admit  of  placing  batteries 
in  commanding  positions,  which  may  fire  direct  but  [Junging 
shot  and  shell  upon  their  unprotected  decks.  It  should  there- 
fore he  observed  as  a  general  rule  in  the  implacement  of  coast 
batteries,  with  a  view  to  defence  against  floating-batteries  whose 
sides  are  covered  with  iron-plates,  but  \yhose  decks  are  not 
proof  against  shot  and  shells,  that  the  fire  of  batteries  possessing 
a  suitable  command  would  rip  up  their  decks  hy  a  plunging  Bre 
viith  an  effect  which  cannot  be  reciprocated  by  the  elevated  fire 
of  the  floating-battery,'  and  with  which  therefore  they  are  inca- 
pable of  conteuding. 

457.  It  having  been  found  by  these  experiments  that  ships, 
such  as  the  "Alfred,"  "Trusty,"  "Undaunted,"  and  others, 
whose  aides  are  not  formed  of  masses  of  timber  sufficiently  thick 


*  Se«  M.  Iticbild  (Irivel'i '  Altaques  et  Bombardements  Maritimea, 
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and  strong;  to  resist,  tliroughout  a  protracted  action,  the  impacts 
of  solid  68-lb.  spherical  shot  and  the  perforation  of  the  Arm- 
strong and  Whitworth  elongated  rifle-shot,  and  whose  decks  as 
well  as  their  sides  are  not  shot  or  shell-proof,  it  has  been  deter- 
mined by  the  Government  to  construct,  for  trial,  vessels  stronger 
and  better  fortified  in  the  carpentry  of  their  sides,  by  which  to 
back  up  more  effectually  their  iron  covering,  and  whose  decks 
shall  likewise  be  formed  of,  or  covered  with,  shot-proof  iron- 
plates,  and  which  vessels  may  be  used  not  only  as  batteries,  but 
as  steam-rams  to  charge,  cut  through,  and  mn  over  any  ship 
with  whose  side  slie  may  come  in  contact. 

458.  Two  new  iron-cased  steam-batteriea,  each  of  3668  tons, 
one  being  built  by  Mr.  Palmer  on  the  Tyne,  the  other  by 
Messrs,  Westwood  and  Bailey  of  Milwall,  intended  to  act  as 
steam-rams  proper,  both  said  to  be  shot-proof,  and  a  gigantic 
frigate,  to  be  called  the  "Warrior,"  are  now  being  constructed 
in  the  Thames  Shipping  Company's  yard.  The  dinienaiona  of 
the  "Warrior"  are — length  380  feet  (being  100  feet  longer 
than  the  steam-rams) ;  her  breadth  58  feet,  tonnage  6177,  her 
two  engines  of  1200  horse-power,  which,  with  the  boilers,  will 
make  a  total  weight  of  9050  tons.  She  has  no  external  keel, 
but  an  inner  keelson  formed  of  immense  slabs  of  wrought  iron  ; 
the  main-deck  is  formed  of  iron  cased  with  wood  ;  the  upper- 
deck  will  also  be  so  formed.  The  beams  are  of  wrought  iron  of 
immense  strength ;  the  skin  of  the  ship  is  formed  of  wrought 
iron,  li  in.  thick.  From  5  feet  below  the  water-lino  up  to  the 
upper  deck  the  sides  are  formed  of  a  double  casing  of  teak, 
18  inches  thick.  Over  these  the  plates  of  iron  are  placed,  so 
that  the  broadsides  of  the  vessel  consist  of  20  inches  thick  of 
solid  teak  and  5  inches  within  and  without  of  the  very  finest 
wrought  iron.  The  vessel  is  subdivided  into  many  portions  by 
water-tight  bulkheads.  As  this  vessel  is  intended  to  act  as  a 
ram,  the  nose  or  cutwater,  is  formed  of  one  immense  slab  of 
wrought  iron,  30  feet  long,  10  inches  thick,  and  weighing  about  J 
18  tons.  The  screw  frame  is  in  one  piece,  of  the  finest  forged 
iron,  and  weighing  no  less  than  44  tons.  Notwithstanding  the 
vast  displacement  of  the  "  Warrior,"  she  can  only  carry  coal 
sufficient  for  nine  days'  steaming ;  she  must  tljerefore  be  pro- 
vided with  full  Bailing  power.     To  dismantle  or  dismast  her 
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TTOuld  therefore  be  a  great  object  of  an  enemy,  more  part 
larly  as  the  felling  of  her  masts  and  rigg;ing  would  infallibly 
get  foul  of  and  disable  ber  aerew. 

The  armament  of  thu  "  Warrior "  on  the  main-deck  is  to 
consist  of  3S  gnna,  15  on  each  broadside,  and  6  revolving  guns, 
all  to  be  Armstrong's  long-range  guna,  for  sliot  of  100  lbs. 
Some  of  the  plates  intended  to  cover  the  aides  of  the  "Warrior  " 
were  subjected  to  severe  teats,  by  firing  68-pounder  solid  shot 
at  them  at  the  distance  of  200  yards ;  l)ut  it  was  foimd  there,  as 
elsewhere,  that  slabs  of  iron,  of  that  or  any  practicable  thick- 
ness, are  quite  insufficient  to  resist  concentrated  fire  of  G8- 
pounder  solid-shot  guns  at  short  ranges,  the  plates  having  been 
broken  and  torn  apart ;  what  the  effect  of  such  a  battery  will  bo 
when  the  plates  are  backed  up  by  masses  of  teak  as  described, 
remains  to  be  seen. 

459.  It  may  safely  be  pronounced  that  the  rolling  motion  of 
this  monstrous  flat-bottomed  vessel,  burthened  with  so  mncli 
top  weight,  will  in  any  swell  be  destructive  of  good  gunnerv. 
and  render  abortive  the  accuracy  of  tlie  new  long-range  rifleil 
guns  with  wliicb  she  is  to  be  armed,  and  in  the  use  of  which  the 
greatest  precision  and  the  niceet  instniments  in  laying  the  gun 
are  required.  By  Djmamics,  the  times  of  the  vibration  of  float- 
ing bodies  vary  with  the  depth  of  the  vertical  section  below  the 
plane  of  flotation ;  and  nothing  but  a  very  deep  false  keel  and 
bilge-pieces  can  counteract  the  tendency  of  these  vessels  to 
follow  all  the  undulations  of  an  agitated  fluid.  But,  to  give 
them  false  keels  would  add  to  their  draught  of  water,  and  thus 
prevent  their  being  employed  in  shallow  water.  The  rolling 
motion  will  be  far  greater  even  than  the  undulations  of  an  agi- 
tated sea  would  produce ;  for  the  pendulous  swing  of  the  top- 
heavy  floating  body  would  not  be  stopped  and  reversed  until 
her  motion  by  its  momentum  had  roUed  ber  side  deeper  into 
the  fluid  than  wliat  mere  undulation  of  the  sea  would  occasion, 
before  tlio  displacement  on  the  rolling  side  had  become  such  as 
to  raise  that  side,  and  then  she  would  roll  equally  deep  the 
other  way." 


■  A  bodyiB  in  apoaitio 
of  the  fluid  displaced  are 
body  dowiiiritTdB  is  ils  n*i 


I  of  wjuilibrinm  when  its  centre  of  gravity  and  that 
n  tlie  SBDie  vertical  lino.  For  the  preasiire  of  tba 
ight,  nhich  maybe  supposed  to  be  applied  tb^ 
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460.  These  vessels,  particularly  the  two  smaller,  are  designed 
to  act  as  steam-rams  for  rmming  down  and  over  vessels  of  any 


oentre  of  gravity ;  also,  the  pressure  of  the  fluid  upwards  is  precisely  the  same 
as  the  weight  of  the  displaced  fluid  downwards,  acting  in  the  opposite  direction, 
and  the  resulbant  of  ttiis  pressure  upwards  must  therefore  pass  through  the 
centre  of  gravity  of  the  fluid  displaced.  And,  since  the  body  is  at  rest,  the 
weight  of  the  body  downwards  and  the  pressure  of  the  fluid  upwards  must 
be  opposite  and  equal ;  and  therefore  the  two  centres  of  gravity  are  in  the 
same  vertical  line. 

The  equilibrium  of  any  floating  body  is  said  to  be  staMe  when,  upon  a  very 
slight  disturbance,  the  forces  acting  upon  the  body  tend  to  bring  it  back  again 
to  its  original  position.  And  the  equilibrium  is  unstahle  when  these  forces 
tend  to  move  the  body  farther  from  its  original  position.  The  equilibrium  is 
indifferent  when,  on  a  slight  disturbance,  the  forces  acting  upon  the  body  still 
balance  each  other. 

Let  G  be  the  centre  of  gravity  of  a  fluid  whose  surface  is  A  B ;  let  the 
centre  of  gravity  of  the  fluid  displaced  be  in  the  line  G  O,  when  the  body  is 

Fig.  62. 


in  equilibrium  ;  and  let  H  be  the  centre  of  gravity  of  the  displacement  when 
the  body  is  moved  through  a  small  angle  $,    Let  the  vertical  line  through  H 


Fig.  63. 


meet  C  G  in  M.  Now  the  weight  of  the  floating  body  acts  downwards  in  tlie 
direction  G  L,  and  the  pressure  of  the  fluid  acts  upwards  in  the  direction  H  F ; 
and  in  the  first  figure,  where  M  is  situated  above  G,  these  two  forces  evidently 
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size,  by  the  momentum  with  which  they  would  strike  the  side 
of  a  ship  that  might  permit  herself  to  be  so  approached,  struck, 

tend  to  turn  the  body  round  in  the  direction  A  C  B,  or  to  bring  the  body  back  to 
itfi  original  position.  But  if  M  be  below  G,  as  in  the  second  figure,  the  weight 
of  the  body  downwards,  and  the  pressure  of  the  fluid  upwards  tend  to  turn 
the  body  round  in  the  direction  B  C  A,  or  to  move  the  body  farther  from  its 
original  position ;  and  the  equilibrium  is  therefore  unstable.  If  G  and  H  be 
in  the  same  vertical  line,  or  M  coincides  with  G,  the  forces  being  equal  and 
in  opposite  directions  the  body  is  at  rest  in  every  position ;  and  the  equili- 
brium is  indifferent.  This  is  the  case  with  a  uniform  cylinder,  or  cylindrical 
shell,  floating  with  its  axis  horizontally,  as  it  has  evidently  no  tendency  to 
float  in  one  position  rather  than  another.  But  if  the  cylinder  have  a  load 
placed  at  some  distance  above  it,  the  body  will  have  a  tendency  to  be  overset. 

The  moment  of  force  which  tends  to  bring  the  body  to  its  original  position, 
or  to  move  the  body  farther  from  it,  is  the  weight  of  the  body  W  X  the  arm 
of  the  lever  F  G  =  W  x  M  G  x  8in  ^,  putting  the  angle  G  M  H  =  ^.  Hence 
if  W  and  6  be  given,  the  stability  of  the  body  is  proportional  to  G  M. 

The  point  of  intersection,  M,  of  a  vertical  line  passing  through  H,  the  centre 
of  gravity  of  the  fluid  displaced  when  the  body  has  been  disturbed  throu^ 
a  very  small  angle,  and  a  vertical  line  passing  through  G,  the  centre  of 
gravity  of  the  body  when  it  was  at  rest,  is  called  the  rnetacentre  of  the  body.' 
It  appears,  from  what  is  shown  above,  that  the  equilibrium  of  a  floating  body 
is  stahUy  unstable,  or  indifferent,  according  as  the  rnetacentre  M  is  above,  below^ 
or  coincident  with,  the  centre  of  gravity  of  the  body.  If  we  suppose  the  pre- 
ceding figure  to  represent  the  transverse  section  of  a  body  floating  in  a  fluid, 
and  that  another  transverse  section,  at  some  distance  from  this,  is  equal,  or 
nearly  equal,  in  all  respects,  to  the  first  section,  the  intermediate  body  may 
be  considered  as  a  prism,  whose  axis  is  parallel  to  the  surface  of  the  fluid,  and 
whose  two  ends  are  equal  to  the  figure  A  C  B.  The  stability  of  this  prismatic 
body  is  readily  found  as  below. 

Let  A  C  B  be  a  transversa  section  of  the  prismatic  body  passing  through 
G,  its  centre  of  gravity ;  let  A  B  be  the  water-line,  or  the  intersection  of  the 
plane  A  C  B  and  the  surface  of  the  fluid  in  a  position  of  equilibrium ;  a  b  the 

Fig.  64. 


"^  The  awful  rolling  of  some  of  the  ships  of  our  Channel  fleet,  on  their  late  voyage  from  Lisbon. 
shows  that  the  n^etacenU-c  is  ttio  near  the  centre  of  gravity,  and  thus  some  uf  them  must  have  b«^ 
very  near  the  point  of  danger. 
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and  run  over,  and  utterly  demolish  any  three-decker,  without 
injury  to  herself.     But  great  miagivings  are  entertained,  first 


watOT-lioe  when  the  body  hfis  been  disturbed  through  a  small  saglo  0,  Then, 
KiDce  all  the  transver^  sectioDs  are  equal  and  similar  figures,  it  is  evident  that 
the  content  of  the  displacement,  or  the  immersed  part,  in  the  first  case,  is  the 
area  A  C  B  x  2,  and,  in  the  second  case,  the  area  aCb:<l:  I  bein^  the  length 
of  the  prism.  And,  because  theiie  diaplncemants  are  equal,  the  area 
ACB  =  oC6;  and  therefore  the  nrea  APa  =  BDfi. 

Now,  the  angle  AT)a  =  8,  and  the  area  ADQ  =  iDAxDaXsinfl  = 
;  D  A',  sin  8  ultimately ;  also  the  area  B  D  6  =  i  D  B" .  sin  S.  And,  since  these 
areas  are  equal,  A  D  =  D  B,  or  A  B  Is  bisected  in  D.  Let  U,  h,  be  the  centres 
of  gravity  of  the  areas  A  C  B,  a  C  i ;  and  in,  n,  the  centres  of  gravity  of  the 
areas  A  Da,  BDb.  Draw  mp,  nq,  jMrpendictilar  to  ab.  Because  the  area 
ADa  =  BD  A,  we  may  conceive  the  first  area  transferred  to  the  position  of 
the  second,  or  the  position  of  the  centre  of  gravity  m  transferred  to  n,  when 

e  body  lias  been  disturbed  through  the  an^le  6.     Draw  H  k  parallel  and  H  k 


jierpendicular  to  ab;  put  the  a 

ADa  =  i  AD'xsinfl  =  4a'sii 

Now,  by  the  property  of  the  o 


1  ACB 


^  A,  AB  =  2a 


then  the  area 


H  ft  =  ) .  — ^— ;   and  therefore  G  F  =  (  -v  -  i  )  sin  « ; 
and  the  moment  of  tlie  force  tending  to  restore  the  equilibrium  is 

(S-')w-.. 

W  being  the  weight  of  the  body. 

In  oaJcuiating  the  stability  of  sbips,  the  length  of  the  body  /  is  divided  into 
several  parts,  each  equal  to  X,  and  transverse  sections  drawn  through  each 
point  of  division.  Then  if  X  be  taken  sufficiently  small,  each  of  the  solida 
into  which  the  vessel  is  divided  may  practically  be  considered  as  a  prism ;  and 
the  preceding  calculatiouB  therefore  can  be  applied  to  these  solids.  Hence, 
instead  of  the  expression  given  above. 


!  shall  have,  putting  2a,  2a',  2a",  &c.,  for  the  breadths  at  (lie  difierent  sec- 
a'+a''+«"'+S-c- 


8     '  whole  displacL'tuent' 
In  the  "  Warrior,"  "  Great  Eastern,"  and  other  steam-vessjU  of  very  great 
len^,  all  Che  transverse  vertical  sections,  except  at  the  head  and  stern,  are 
nearly  similar  and  equal,  an<!   therefore   these  vessels  may  be  considered  as  a 
single  prism,  with  the  additions  of  the  bow  and  slam. 
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OB  to  tbe  supposition  tliat  any  ship,  and  particularly  any  steam- 
propelled  ship,  would  remain  bo  inactire  as  to  permit  herself  to 
be  so  approached  and  so  struck ;  and,  secondly,  as  to  the  es- 
omption  of  the  striker  from  the  prodigious  shock  she  must  sus- 
tain in  running  butt  against  the  aide  of  a  large  ship. 

The  two  iron  ships  which  are  now  being  constructed  at  Mill- 
wall  and  Neweastle-on-Tyne,  are  more  especially  designed  for 
running  ships  down,  rather  than  for  fighting  them.  The  author 
has  great  misgivings  as  to  the  effects  which  so  enormous  a  shock 
as  that  of  mnning  butt  at  a  large  ship  would  produce  upon  the 
raui.  Exclusive  of  the  effects  that  such  collision  might  produce 
upon  the  ram-ship,  by  the  fouling  of  its  screw  amongst  the  float- 
ing wreck  of  the  vessel  so  rim  into,  there  remains  one  moet 
imjwrtant,  and,  perhaps,  vital  evil,  which  has  not  hitherto  been 
considered.  It  is,  that  the  momentum  of  an  engine,  weighing, 
with  its  appurtenances,  800  or  lOOO  tons — carried  forward  in  a 
shiji  moving  at  the  rate  of,  it  is  said,  fourteen,  or  fifteen  knots 
|)er  hour — being  suddenly  arrested  by  the  stoppage  of  the  ram 
when  tlie  collisiou  takes  place,  would  cause  a  shock  so  enormous, 
tliat  any  ordinary  fastenings  by  wliich  the  engine  is  attached 
to  the  ship  must  be  torn  asunder,  the  whole  of  the  internal 
machinery  dislocated,  and,  by  the  dispersion  of  the  contents  of 
the  furnaces,  the  ram  itself  set  on  fire. 

AH  know  the  effects  produced  when  ships  in  motion  are  sud- 
denly brought  to  a  state  of  rest  by  accidental  collisions :  persons 
are  tlirown  out  of  their  berths,  and  everything  moveable  is 
thrown  forward  with  prodigious  force.  And  it  may  be  added, 
that,  as  the  explosion  of  Armstrong's  percussion-shell  is  effected 
by  the  force  with  which  the  internal  sti-iker  is  thrown  forward, 
when  disengaged  from  its  retaining  bolt  by  the  force  of  the  im- 
pact, so  would  the  whole  internal  machinery  of  the  steam-ram 
be  tliromi  foiyard,  overturned,  and  scattered  about,  unless  re- 
tained in  its  place  by  fastenings  capable  of  resisting  a  momentum 
greater  than  that  of  the  machinery — including  boilers,  furnaces, 
&c. — at  the  moment  of  impact 

The  author  would,  therefore,  submit  that  this  project  should 
be  tried  on  a  real-service  scale,  by  running  n  floatrng-battcry — 
well  strengthened  at  the  bow,  and  covered  with  iron — direct  at 
the  broadside  of  a  Une-of-battle  hulk,  brought  down  to  her  load* 
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waterline  by  being  Bufficiently  loaded.  No  men  should  be  on 
board  of  the  hulk;  and,  during  the  charge — w)iich  should  be 
made  at  fuU  speed — a  couple  of  men  only  should  be  left  ou 
board  the  ram  or  floating-battery,  in  order  to  eteer  her ;  a  boat 
being  towed  astern  to  enable  the  mt'n  to  leave  her  before  the 
impact  takes  place.  It  would  be  better  thus  to  destroy  two 
ships,  in  making  the  experiment,  than  to  leave  the  project  to  be 
tried  on  actual  service,  after  some  expensive  ram-ships  may 
have  been  constructed ;  which  eliips  may  fail  to  acccftnplish  the 
purpose  for  which  they  have  been  designed.  In  the  collision, 
the  tarn's  masts  would  fall  forwards,  those  of  the  ship  struck, 
tending  towards  the  blow,  would  fall  over  the  striker,  who,  in 
making  her  way  through  quantities  of  floating  fragment*  of 
rigging  and  spars,  would  infallibly  disable  her  own  screw,  which, 
being  of  the  weight  of  14  tons,  could  not  be  lifted  and  replaced, 
and  there  she  would  lie  like  a  log,  deprived  of  her  motive 
power,  her  fuel  perhaps  nearly  exhausted,  nothing  hut  a  target 
to  be  fired  at. 

461.  Nor  would  it  be  easy  for  the  ram  to  attain  an  opportunity 
of  running  into  and  over  the  broadside  of  any  ship,  well-com- 
manded, in  a  fleet  under  steam.  It  seems  to  he  imagined  that 
the  fleet  against  which  steam-rams  are  so  to  act  are  in  line- 
ahead,  as  if  under  sail,  passively  waiting  for  their  iron  ant- 
agonist, instead  of  making  some  countermanceuvre  that  may 
dodge  or  defeat  the  rush  of  the  ram,  and  which  may  easily  be 
done  in  various  ways.  The  fleet,  instead  of  remaining  passive 
in  line-ahead,  presenting  the  broadsides  of  its  ships  to  be  run  into 
by  a  ram,  might  turn  into  line-abreast,  and  run  away  from  the 
enemy ;  hut  then  there  would  be  a  pursuit  and  a  protract* 
cannonade,  in  which  the  heavy  bow-guns  of  the  ram  woulc 
a  great  advantage  over  the  comparatively  weak  poi 
retiring  ships,  raked  from  stern  to  stem.  But 
menaced,  the  fleet  under  steam  change  from  lim 
line-abreast,  or,  better  still,  into  double  linos  of 
then  to  steam,  with  full  power,  directly  on  the 
and,  when  near,  turn  obliquely  or  perpendicuiarh 
starboard,  they  would  dodge  the  ram,  which,  if  of  i 
the  "  Warrior,"  could  not  turn  so  quickly,  just  as 
is  unable  to  turn  as  quickly  as  the  hare ;  and  it 
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antlior  that  the  inference  which  is  ossumeil,  that  a  steam-ram 
may  infallibly,  if  endowed  with  greater  power  of  speed,  nm  into 
a  ship,  ia  sometliing  very  much  like  the  operation  of  laying  salt 
on  the  sparrow'a  tail.  One  thing  is  at  least  certain,  that  no 
screw-propelled  ram-ship  could  pass  through  the  mass  of  floating 
WTeck  wliich  a  collision  with  any  ship  would  occasion,  witJiout 
the  total  destruction  of  her  own  moving  power — ^the  st'rew.  She 
might  sink  a  ship,  but  she  would  effectually  disable  herself,  and 
become  alftolntely  incapable  of  fulfilling  the  purpose  for  wliich, 
at  a  cost  of  at  least  500,000^,  she  had  been  constnicted. 

462.  Let  it  not  be  imagined  that  the  results  of  the  experi- 
ments made  from  a  one-gun  battery — the  pivot-gun  of  a  gunboat 
in  very  slow  firing  against  targets  representing  portions  of  the 
side  of  a  ship,  or  against  old  ships  covered  with  iron  plates,  with 
gun-ports  filled  in  and  closed  with  iron-covered  lids — are  suffi* 
cieut  tests  of  what  the  results  would  be  of  an  action  between  one 
of  our  firsfK!lass  frigates,  armed  with  95-fwt.  (iS-pounder  guns 
on  the  main-dock,  and  a  floating-battery  of  the  description  to 
which  this  article  relate^,  the  frigate  commencing  her  fire  with 
her  whole  broadside-battery  concentrated  ujwn  a  part  of  her 
enemy's  side,  and  sustaining  the  battle  with  the  utmost  rapidity. 

Thia  would,  no  doubt,  pi-ove  not  only  the  vulnerabdity  of  the 
floating-battery,  by  the  penetration  of  single  shot,  but  by  the 
destructive  impacts  aud  concussions  produced  simultaneously, 
or  in  quick  succession,  by  a  multiplicity  of  blows,  many  of 
the  plates  would  be  struck  in  several  places,  cracks  would 
extend  from  one  hole  to  another ;  the  bilging-in,  which,  as 
is  shown  in  the  preceding  experiments,  was  produced  by  one 
shot,  would  be  vastly  increased  by  the  impacts  of  the  many ; 
beams  would  be  broken,  timbers  fractured,  beams  and  shelf- 
pieces  sprung  or  started;  bolts  aud  rivets  driven  off;  seams 
opened;  and  one-eighth  at  least  of  the  shot  correctly  aimed  to 
hit  the  hull  would  enter  the  ports  of  the  floating  battery,  dis- 
mounting or  disabling  guns  and  carriages,  the  shot  taking  off 
many  of  the  crew  in  crossing  the  deck,  ravaging  and  penetrating 
the  timbers  on  that  side,  and  ultimately  driving  off  and  into  the 
Bca  the  iron  plates  on  the  exterior  of  that  side.  Of  thia  we  may 
be  perfectly  assured,  that,  when  a  shot  does  break  through  the 
side  of  a  ship,  the  effects  on  the  crew,  exclusive  of  those  on  tlie 
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material  of  the  vessel,  will  be  far  more  destructive  of  the  crew 
than  any  that  could  be  produced  by  many  shot,  and  greater 
(Arts.  402,  403)  than  even  the  explosion  of  any  diell. 

It  is  stated  in  Art.  403,  p.  403,  in  the  experimouta  made  at 
fihoebury  Neas  on  the  Ist  of  March,  1860,  that  five  of  the  shot 
fired  at  the  target,  struck  within  a  radius  of  17  in.  In  quick 
concentrated  broadside-firing,  iu  action,  from  a  ship's  broadside 
battery,  or  from  a  well-armed  coast-battery,  numerous  simul- 
taneous hits  would  be  inflicted  on  the  foe.  Five  or  six  heavy 
shot  striking  upon  any  small  portion  of  the  side  of  a  ship,  would, 
instead  of  bilgin;^  it  in  by  single  shot,  as  we  have  seen,  drive  a 
great  portion  of  the  side  in,  and  make  a'  large  breach ;  and  tJiis 
all  the  more  likely  that  the  shot  do  not  penetrate ;  for  a  shot 
in  perforating  the  «ide  of  a  ship  does  not  communicate  all 
its  motion  to  the  mediimi  tlirough  which  it  is  passing,  but 
the  impact  of  a  shot  does,  and  that  instantaneously ;  add  the 
amount  of  five  such  impacts,  acting  together,  would  sasm-edly 
make  a  breach  in  the  side  of  any  ship. 

4G3.  As  with  respect  to  the  preceding  descriptions  of  real- 
service  esperimenta,  ship  against  ship,  so  will  it  be  fallacious  to 
assume,  from  the  experiments  that  have  been  tried  with  single 
gmis  and  slow-firing,  ogainst  targets  representing  coast-batteries, 
tliat  the  efficacy  of  the  expedient,  reproduced  by  the  Emj)eror 
Louis  Napoleon,  to  give  to  fioating-batteriea  mastery  over  coasts 
batteries  faced  with  masonry  has  l>een  proved.  In  the  first  place 
we  trust,  that  if  our  coast-batteriea  shoidd  ever  be  attacked, 
they  will  be  foimd  to  have  been  formed  and  faced  with  a  much 
better  material  than  iron,  viz.  earths  Tested  on  real  service, 
floating-batteries  would  hove  to  contend  with  several  coast- 
batteries,  each  armed  with  a  considerable  number  of  our  most 
powerful  ordnance  of  the  old  and  new  school,  either  placed,  of 
necessity,  if  the  coast  be  low,  h  fiewr  <Teaa ;  or,  if  the  ground 
admit,  established  on  sites  having  considerable  command  abovs 
the  level  of  the  sea,  and  rather  in  separate  botteries,  from  Tvhich 
obliqtie  or  concentrated  firing  may  be  carried  on  against  the 
enemy,  than  by  placing  the  same  nimiber  of  guns  in  one  battery. 
The  gim-batteries  placed  fi  fieur  deau,  if  attacked  by  fioating- 
batteries,  should  be  aimed  with  the  utmost  precision,  of  which 
rifled  cannon  are  so  capable,  at  the  enemy's  ports ;  when,  as 
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has  been  shown,  iii  horizontal  firing  at  a  shij)  ftt  aliurt  riingos 
(Art.  450),  one-tenth  at  least  of  the  projectiles  so  aimed  woald 
enter  her  gun-ports  and  produce  very  great  internal  destructiuii. 
If  the  coast  batteries  attacked  be  placed  above  the  level  of  the 
sea,  oa  suitable  sites,  the  timber  decks  of  floating  batteries 
would  be  commanded  and  ripped  up  by  the  plunging  but  direct 
fire  of  shot  and  sheila' 

464.  It  appears  to  the  author  that  there  is  little  to  dread 
from  these  unwieldy  ilat^bottomed,  top-weighted,  heavy-roUing; 
craft,  in  the  open  sea,  or  on  an  open  coast,  against  well-placed 
commanding  coast-batteries,  strongly  armed  with  new  long- 
range  rifled  cannon  for  distant  firing,  mixed  with  the  smashing 
effects,  at  short  ranges,  of  shot  or  shell  from  powerful  guns 
which  can  fire  either,  and  all  well  served  by  skilful  artilleristB. 

465.  Let  us  pause  in  expending  millions  of  money  in  con- 
structing ships,  such  monsters  as  the  "  Warrior"  and  others,  till 
the  problem  of  the  eflicacy  of  metallic  defences  be  fully  worked 
out :  the  farther  we  proceed  in  tliat  direction,  the  more  will  it 
be  found  that  iron,  whether  east  or  wrought,  is  the  worst  material 
excepting  steel  that  can  be  used  for  strengthening  either  sea  or 
land  defences ;  and  that  it  were  better  to  expend  the  money  in 
forging  in  abundance  the  new  engines  and  bolts  of  war,  than  in 
vain  attempts  to  render  ships  proof  agamst  them.  We  must  not, 
however,  imagine  that  we  have  a  patent  right  to  the  exclusive 
use  of  the  powerful  long-range  ordnance  which  Armstrong  and 
Whitworth  have  invented.  In  these  times,  all  the  productiona 
of  science  and  art  soon  become  well  understood,  and  the  common 
property  of  our  neighbours  as  well  as  of  others.  The  offensive 
power  of  those  long-range  guns,  for  the  destruction  of  arsenals 
by  bombardment,  will  rest  with  whichever  of  the  two  powers 
may  have  the  command  of  the  sea,  and  this  we  must  ever  firmly 


•  "J*B  fortB  at  batteries  de  mer  do  Sflastobol  rompliesaient,  en  mi  mot, 
tontcs  log  conditions  que  le  aavttnt  gSn^ral  d'artillerie  Sir  Honird  Douglas 
propose  pour  les  ddfenees  dea  cotcB ; — Difficult^  d'ft])pTOcho  poiir  les  VBi.ssesux, 
en  raisou  dea  bancs  et  obstacles  aous-marinB ;  hatieries  en  terte  (ffirmo  lar- 
batte)  pour  lea  teimiiia  ^ev& ;  forts  en  pieire  casemates,  pour  les  ouvragea 
\  Hear  d'eau  ;  choix  da  calibrcfl  formidablcs,  cinuns  de  grande  port^c,  obnaierB 
et  mortiera  d'un  grand  diamfitre ;  concentration  d'uiie  niosso  pr^pond^ranta 
de  Toiix  croisfy  ot  jHongtanU,  sur  toute  la  zone  navigable,  ponr  les  vaigaeaax 
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and  resolutely  maintain.  England  will  never  commit  any  act 
of  unprovoked  aggression,  but  always  be  well  prepared  for  de- 
fence. It  does  not,  however,  follow,  that,  should  we  be  menaced 
at  any  time  with  aggression  and  invasion,  we  should  act  so 
purely  on  the  defensive  as  not  to  avail  ourselves  of  the  pro- 
digious power  with  which  the  new  guns  arm  us,  or  forget  that 
the  most  effectual  mode  of  defending  our  country  is  by  offensive 
defence.  And  so  the  matter  comes  to  this,  that,  if  we  do  not 
maintain  absolute  dominion  on  the  seas  which  surroimd  the 
Eritiah  lales,  om*  neighbours  will  attempt  to  destroy  our 
arsenals  by  bombardment  with  their  long-range  guns.  Whereas 
if  we  do  maintain  firmly  that  dominion  which  we  have  so  long 
held,  we  may  assuredly  commence  the  operations  of  the  war, 
into  which  we  had  been  forced,  by  destroying  theirs. 
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PAET    IV. 

ON  THE  SERVICE  OF  GUNS  IN  ACTION. 


SECTION   I.— ON   THE    DETERMINATION   OF   THE   DISTANCES 

OF   OBJECTS  AT   SEA, 

466.  In  all  cases  of  gunnery,  an  accurate  knowledge  of  the 
distance  is  of  the  first  importance.  When  considerable,  it  is 
usually  estimated  very  vaguely ;  but  the  necessity  of  knowing 
it  as  correctly  as  possible,  at  long  ranges,  is  greater  than  when 
the  trajectory  is  nearly  rectilinear,  as  in  short  ranges ;  elevation 
being  given  according  to  the  distance,  and  inaccuracy  increasing 
with  length  of  range.  At  considerable  distances,  also,  there  is 
more  leisure  and  opportunity,  as  well  as  greater  necessity,  for 
determining  those  distances  with  precision,  while  in  closer  action 
all  that  is  required  is,  to  be  certain  that  the  enemy  is  within 
point-blank  range.  When  two  vessels  are  opposed  to  each  other 
at  great  distances,  the  effect  will  depend  almost  wholly  on  the 
skill  of  the  gunner ;  and  that  vessel  which  has  most  correctly 
estimated  its  distance  from  its  opponent  will  do  most  execution, 
supposing  everjrthing  else  equal  Let  those  who  may  be  inclined 
to  disregard  such  niceties  refer  to  our  actions  with  the  Americans 
(which  wiU  be  more  particularly  noticed  hereafter),  and  they 
will  perceive  that,  in  our  unsuccessful  affairs  with  them,  our 
vessels  were  in  general  crippled  in  distant  cannonade  before 
close  battie  commenced.  This  is  fighting  skill  against  skill, 
and  shows  the  absolute  necessity  of  attending,  minutely,  to 
everything  that  can  contribute  to  precision  of  fire  at  great 
distances.  In  such  trials  the  most  devoted  heroism  will  avail 
little,  as  we  have  seen,  unless  trained  to  precision.  It  is  not 
proposed  that  trigonometrical  calculation  should  be  used  to 
determine  the  degree  of  proximity  of  an  enemy  who  will  fairly 
close  for  straightforward  battle ;  but,  should  the  opponent  prefer 
to  keep  off  for  a  time,  in  order  to  try  the  effect  of  his  guns  and 
his  skill  at  long  ranges,  the  importance  of  what  has  been  recom- 
mended with  respect  to  the   training  of   gunners  and  to   the 


DETERMINATION  OF  DISTAJJCES  AT  SEA. 


437 


ttttainmont  of  an  accurate  knowledge  of  the  distance  at  which 
tho  fire  is  to  be  returned,  cannot  be  disputed ;  the  latter  is, 
indeed,  the  liindamental  requisite  for  efficiency  of  practice.  If 
the  distance  be  only  vaguely  guessed,  suppose  within  two  or 
three  hundred  yards  of  the  truth,  the  elevatioa  cannot  be  right 
to  corresponding  extents.  The  consequent  error  may  indeed  be 
somewhat  corrected,  when  committed,  by  observing  the  effect ; 
but  tri/iiig  the  range,  as  it  is  called,  is,  in  such  a  case,  extremely 
objectionable — discreditable  to  the  system,  and  conBequently 
injurious  in  its  moral  effects. 

467.  Numerous  methods  have  been  proposed  for  readily  esti- 
mating distances,  and,  of  these,  none  appears  so  simple  and 
obvious  as  mating  use  of  the  different  angles,  subtended,  at 
different  distances,  by  the  heights  (when  known)  of  the  masts  of 
tho  ship  whose  distance  is  desired,  the  heights  and  distances 
being  arranged  in  a  table  ;  so  that,  by  simply  measuring,  with  a 
sextant  or  quadrant,  the  angular  height  of  a  mast  (as  is  com- 
monly done  in  line  of  sailing,  or  in  chasing,  to  ascertain  whether 
the  chace  be  gaining  or  losing  distanoe),  and  entering  the 
column  of  angles,  the  corresponding  distance  may  be  taken  out. 
Table  XVIII.,  Appendix  B.  at  tho  end  of  the  work,  is  one  in 
whieli  the  heights  of  the  different  parts  of  French  ships  of  war, 
and  of  their  masts,  above  the  surface  of  tlie  water,  at  load-water- 
mark, are  given,  for  every  rate  and  class  of  vessel.  From  these 
elementa.  Tables  XIX.  and  XX.,  Appendix  B,  have  been 
formed,  in  which  are  given  the  distances,  expressed  in  English 
yards  and  cables'  lengths,  corresponding  to  the  angles  suhtendet' 
by  the  heights  from  the  water-line  to  the  tnick  of  the  n 
and  also  to  the  main-topmast  cross-trees  :  the  eye  of  the  obfi 
being  20  ft.  above  the  level  of  the  water. 

468.  It  has  been  ascertained,  from  authentic  document^  i 
the  dimensions  of  the  masts  of  American  ships  of  war  are 
many  cases,  exactly  tlie  same  as  those  of  French  ships  of  c<n 
spending  rates,  as  expressed  in  the  tables ;  and,  in  general,  1 
are  so  nearly  alike,  that  this  method  may  be  used  to  estiaiat| 
distances  with  tolerable  certainty  in  acting  either  against  Frend 
or  American  vessels.  It  is  not,  indeed,  likely  that  establish 
dimensions,  which  are,  in  general,  rigidly  observed,  wil" 
much  from   tlie  quantities  stated  in  a  table  which 
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formed  from  official  documents ;  if  they  should  vary  in  some 
cases,  the  difference  cannot  be  so  much  as  would  create  an  errcHr 
of  more  than  a  few  yards  in  the  required  distance ;  and  the 
results  will  always  be  much  nearer  the  truth  than  the  most 
practised  eye  could  give  :  at  any  rate,  the  distances  found  from 
tlie  table  will  be  sufficiently  correct  to  produce  good  practice,  if 
aU  the  other  essentials  be  well  understood. 

Every  man-of-war  should  be  provided  with  a  table  showing 
the  angles  subtended  by  the  masts  of  foreign  ships  of  war,  with 
the  corresponding  distances  in  English  feet  or  yards. 

This  method  of  obtaining  distances  at  sea,  simply  by  the  in- 
spection of  a  table  containing  the  angles  subtended  by  a  mast 
of  known  height  at  different  distances,  as  now  very  generally 
practised  in  the  service,  is  preferable  to  any  other  when  it  can 
be  used. 

4G9.  Another  method  which  has  been  recommended  consists 
in  taking  simultaneously,  at  the  bow  and  stem,  of  the  ship,  the 
horizontal  angles  between  the  line  joining  the  places  of  the 
observers  and  lines  drawn  from  those  places  to  some  point  at  the 
enemy's  ship.  This  method  requires  either  a  logarithmic  com- 
putation, or  a  double  inspection  in  a  table  prepared  for  the  pur- 
pose ;  it  consequently  presents  great  difficulties  when  the  ships 
are  under  weigh,  particularly  if  one  is  much  before  or  abaft  the 
beam  of  the  other,  and  is  quite  inapplicable  if  one  is  on  the  bow 
or  stem  of  the  other  :  whereas  the  former  method  may  be  used 
in  all  positions  of  the  ships,  provided  the  height  of  a  mast  of  the 
enemy's  ship  be  known. 

470.  That  method  will  not,  However,  serve  to  obtain  the  dis- 
tances of  steamers,  which  either  have  no  masts  or  have  them  of 
no  regular  heiglit.  In  this  case,  the  distance  may  be  determined 
by  making  use  of  the  ship's  own  mast  as  a  given  height,  causing 

,^  Ti  J),  an  observer  aloft  to  measure  the 
„,    ^^  ..  .^  ..    /        anele  ABC  formed  by  the  mast 

rig.  55.  .**.-•' .:-V'        /• 

/i        AB,  when  vortical,  and  the  lino 

'  j        of  sight  B  C  from  the  observer  to 

j        the  enemy's  ship  at  C  ;  and  then 

,.[ either  computing  the  required  dis- 

c  E  A  *B'      ^^^^  A  C  by  the  formula  A  B  tan 

ABC.  or  obtaining  it  by  inspection  in  a  table.     If,  diu-ing  the 
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Operation,  .the  ship  should  bo  on  a  keel,  so  "that  the  mast  has  an 
inclined  position  as  AD  or  AD',  the  angle  of  heel  BAD  or 
BAD'  {aa  shown  by  a  pendulum  suspended  from  the  centre  of  a 
graduated  arc)  must  be  taken,  and  either  subtracted  from  the 
observed  angle  A  D  C,  or  added  to  A  D'  C,  according  aa  the 
heel  is  towards  or  from  the  enemy's  ship  (supposed  to  be  on  the 
beam).  The  sum  is  equal  to  the  angle  E'  D'  C,  and  the  difference 
to  the  angle  E  D  C ;  and,  by  trigonometry,  A  D  cob  BAD  tan 
E  D  C  =  E  C,  the  required  distance :  but  the  correction  for  the 
heel  will  rarely  be  necessary  in  good  fighting  weather. 

In  observing  the  angle  C  B  A  or  C  D  A,  since  the  image  of 
the  distant  object  is  that  which  would  be  brought  by  reflexion  to 
coincide  with  that  which  is  the  nearest  to  the  observer  (a  mark 
on  the  top  or  on  the  deck),  the  parallax  of  the  instrument  would 
not,  in  any  sensible  degree,  affect  the  accuracy  of  the  observed 
augle." 

This,  in  principle,  is  nearly  the  method  sometimes  practised, 
of  observing  with  a  sextant,  at  the  cross-trees,  the  angle  be- 
tween the  enemy's  water-liiie  and  a  point  verticalli/  under  the 
observer.  J£  this  observation  coiild  be  always  made,  it  would  be 
indifferent  whether  the  enemy's  ship  were  on  the  beam,  or  the 
bow,  or  the  quarter. 

471.  An  objection  to  this  method  is  that,  when  the  mast  is 
not  in  a  vertical  position  at  the  time  of  making  the  observation, 
it  is  difficult  to  have  on  the  deck  a  point  vertically  under  the 
observer's  eye  ;  and  if  the  observed  angle  is  one  between  a  line, 
as  D  C,  from  the  observer  to  the  distant  ship  and  the  direction.  . 
D  A  of  the  mast,  it  would  be  necessary,  when  such  ship  is  : 
directly  on  the  beam,  to  introduce  a  correction  to  that  obef 
angle.  This  correction  could  be  made  either  by  comput* 
by  means  of  a  subsidiari'  table,  provided  the  angle  at ' 


s  the  angle  subtended,  at  d 

,  by  a  line  joining  the  OMem 

point  in  which  the  produced  ray  of  light  incident  oi 


produ« 


!  indeK  El 
]  throll^ 


from  that  object,  intereeots  the  ray  from  the  object  »  ^ 

silvered  part  of  tha  horizon-glai».  This  panillas  h  always  g. 
object  aeon  by  reflexion  ia  noaror  to  the  eye,  and  as  the  observed  fc:. 
but,  at  no  greater  distance  than  100  yards,  mid  with  an  oboerR 
small  as  10  decrees,  the  parallax  of  a  oominon  sextant  wcpuW  »*■' 
minules  of  a  degree. 
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the  mast  between  the  direction  of  a  fore-and-aft  line  on  the  deck 
and  that  of  the  enemy's  ship  be  observed  at  the.  same  time  that 
the  angle  is  observed  on  the  mast.  The  formula  for  the 'correc- 
tion is,  by  trigonometry,  sin  A  sin  a  =  sin  C ;  in  which  h  is  the 
angle  of  heel,  a  the  angle  between  the  fore-and-aft  line  and  the 
direction  of  the  enemy's  ship,  and  C  the  correction.*  This  is 
subtractive  fix)m,  or  additive  to,  the  angle  observed  on  the  mast, 
according  as  the  heeling  of  the  mast  and  the  enemy's  ship  are 
on  the  same  or  on  contrary  sides  of  the  fore-and-affc  Ime. 

With  respect  to  the  method  in  which  the  water-line  of  an 
enemy's  ship  is  brought  by  reflexion  to  the  foot  of  a  plumb-line 
on  deck,  it  would  be,  perhaps,^  impossible  to  observe  the  angle 
with  accuracy.  But>  as  the  pendulum  placed  in  the  main  hatch- 
way is  useful  for  other  purposes,  as  in  determining  the  proper 
instant  for  firing  guns  horizontally,  or  otherwise,  so  there  is 
nothing  to  prevent  the  employment  of  the  instrument  for  finding 
the  angle  of  heel  in  combinatipn  with  the  observation  of  tlie 
angle  ADO  (fig.  56).  An  objection  has  been  made  to  the 
method  of  observing  such  angle  from  the  masthead,  when  the 
ship  or  object  is  to  leewacrd,  on  account  of  the  top-gallant  sail 
being  in  the  way ;  but  the  top-gallant  sail  may  not  be  set ;  if  it 
be,  and  in  the  way,  it  may  be  clewed  up,  or  the  lee-sheet  started, 
and  the  clew  hauled-up  during  the  operation. 

472.  An  able  and  already  distinguished  young  oflBcer^  has 


Fig.  56. 


fjct  A  B  repi-esent  a  mast  in  an  inclined  position,  A  £  a  fore-and-aft  line 

^Q  on  the  deck,  and  A  C  the  direction  of  the  enemy's 

,.•;/     ship :  let  B  m  be  a  vertical  line  let  fall  from  the 

y'  //         cross-trees  at  B  to  met  a  horizontal  plane  passing 

..'"  ,. •/  through  A  and  C,  and  let  B r/i n  be  a  triangle  in  a 

y-'     //  vertical  plane  passing  through  Bm  perpendicularly 

jj  ..  ■*       //  to  A  0.   Then  ABC  represents  the  observed  angle, 

/,  //  and  ABn  is  the  correction  which  is  represented  in 

/:        ./'  /  the  text  by  C  ;  also  A  B  r?i  is  represented  by  \  and 

/'  i     /  /  E  A  C,  or  its  equal,  Amri,  by  a, 

I  i  /'    /  If    A  B    be    represented    by    unity,    we    have 

'/  j-'   /  A  m  =  sin    h  :    and   by    trigonometry,    A  m    sin 

//:  /  Amn=An;  that  is,  sin  A  sin  a = sin  C,  as  in  the 

\\/  text.     Thus  the  angle  A  B  n,  or  C,  is  found;  and 

"ffi  being  taken  from  the  observed  angle  A  B  C,  it  leaves 

the  angle  w  B  C.     Thus  A  B  cos  C  tan  n  B  C=n  C, 
the  required  distance. 

Captain  A.  P.  Ryder,  R.N. 
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lately  proposed  an  ingeniims  mode  of  determinmg  the  distance 
of  steamers,  or  of  sliips  the  heights  of  wliose  masts  are  not 
known,  by  observing  from  the  cross-trees,  [top-sail  yard,  or  any 
other  convenient  perch,  the  higher  the  better,  tKe  vertical  angle 
between  the  visible  horizon  and  the  enemy's  water-line.  The 
computation,  by  this  method,  would  be  very  laborious,  requiring 
logarithms  with  seven  places  of  decimals,  but  the  proposer  has 
given  a  double  table  from  wliich  the  required  distance  may  bo 
taken  by  inspection.  The  chief  objection  to  the  method  is  that 
the  angle  subtended,  at  the  observer's  eye,  between  the  edge  of 
the  horizon  and  the  enemy's  water-lino  ia  very  small,  being,  at 
2(i30  yards,  only  33'  53" ;  when  land,  instead  of  the  sea-horizon, 
is  beyond  the  enemy's  sliip,  the  observation  must  be  made  with  a 
sextant  fitted  with  an  artificial  horizon,  and  consequently  would 
bo  liable  to  great  raicertainty, 

473.  But  why  might  not  the  following  application,  in  an 
oblique  plane,  of  Sir  E.  Belcher's  horizontal  method,  be 
adopted  ? 

Let  two  observers,  each  visible  from  the  other,  one  at  B 
(supiHise  at  the  cross-trees  of  a  mast),  see  the  preceding  figure, 
and  the  other  at  A  (suppose  on  the  deck)  as  far  forward  or  id't 
as  possible,  take  simultaneously  (C  being  the  ship  or  object 
whose  distance  is  required)  the  angles  CAB,  C  B  A.  The 
length  of  TOpe  which  is  made  the  base  A  B,  being  once  measured, 
may  be  considered  as  constant ;  and  the  required  distance  A  C  * 
may  be  obtained  by  the  usual  process.  Or,  il'  half  the  sum  of 
the  two  observed  angles  at  A  and  B  be  taken  as  one  of  tlie 
angles  at  the  hsse  of  the  triangle  (supposed  then  to  be  isosceles), 
the  distance  may  be  found  with  sufficient  precision,  on  mnltiply- 
ing  the  half  length  of  the  base  by  the  tangent  of  an  angle  e 
to  half  that  sum.  At  the  distance  of  300  yards,  the  err*  I 
the  most  unfavourable  caso,  would  not  exceed  4  feet; 
becomes  less  when  the  distance  is  greater.  It  is  easy 
that  a  table  might  bo  made  from  which  the  required  d 
might  be  had  immediately  on  inspection. 

This  method  will  be  better  understood  by  an  inspection  0 
annexed  plate.     The  maintop-gallant  masthead  is  supposee 
be  the  point  mai'ked  B  in  fig.  56,  in  the  preceding  note  j 
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length  of  the  maintop-gallant  backstay,*  to  the  point  to  which  it 
leads  in  the  main  chains,  may  be  made  the  base  A  B  ;*and  the 
length  of  that  rope  must  be  accurately  measured :  the  point  C 
(indicated  by  the  convergence  of  the  lines  of  observation,  A  A' 
and  BB',  produced)  being  the  ship  or  object  whose  distance. is 
required,  the  angles  ABC  and  BAG  are  taken  simultaneously 
to  the  water-line  of  the  ship  C,  by  observers  placed  at  the  two 
points.  Or,  as  the  lines  traced  in  the  plate  show,  the  fore-top- 
mast or  fore-top-gallant-mast  stay  may,  in  some  cases,  be  more 
conveniently  used,  the  observers  being  placed  at  the  head  of  the 
top-mast  or  top-gallant  rigging,  and  on  the  jib-boom  respectively. 
The  exact  lengths  of  these  ropes  may  easily  be  verified  by  actual 
measurement,  as  occasion  may  require. 

The  distance  of  steamers  not  being  determinable  by  the 
method  explained  in  Art.  467,  and  the  heights  of  the  masts  of 
French  sailing  ships,  though  very  correctly  given  in  Table  XV  111. 
Appendix  B,  being  subject  to  alteration  from  time  to  time,  by 
variations  in  the  immersion  of  the  ship,  and  other  unknown  cir- 
cumstances ;  and,  seeing  that  no  very  accurate  account  of  the 
heights  of  masts  of  other  foreign  ships  of  war  can  be  obtained, 
it  is  obvious  that  the  method  which  proceeds  upon  an  accurate 
knowledge  of  the  height  of  a  vessel's  own  masts,  or  length  of 
any  convenient  rope  of  its  rigging,  possesses  great  advantages 
over  that  which  depends  upon  the  assumed  height  of  the  masts 
of  the  vessel  to  be  fired  at. 

The  method  proposed  by  the  author  (Art.  470)  of  using  the 
known  height  of  a  ship's  own  mast  above  the  water-line  as  the 


Table  showing  the  Lengths  of  the  Fore  and  Maintopmast  and  Top-gallant 
Stays  and  Backstays  of  English  Ships  of  War. 


^ 

Linc-of-Battle 
Ship. 

Frigates. 

(Jorvette. 

Brig. 

80  Gnus. 

60  Guns. 
1  St  Class. 

40  Guns. 
2nd  Class. 

18  Guns. 

16  Gnnn. 

ft,          in. 
Maiutop-mast  Backstay    ..      136        6 

Mahitop-gallant  Backstay   1     167        0 

Foretop-gallant  Stay     . .  . . ;     148        0 

ft.      in. 
129     8 

158     6 

147     0 

ft.      in. 
120     6 

147     6 

137     0 

ft.     in. 
84     0 

105     0 

99     0 

ft.      in. 
79     6 

99     6 

100     0 
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base  of  the  triangle  by  which  the  distance  of  an  enemy's  ship 
may  be  computed,  though  liable  to  some  difficulties,  will  be  of 
use  on  many  occasions  when  other  means  cannot  be  resorted  to, 
as  when  it  is  required  to  ascertain  the  distance  of  a  steamer,  or 
other  craft,  which  has  either  no  masts  or  such  as  have  not  their 
heights  in  accordance  with  a  fixed  regulation ;  or,  again,  when 
the  horizon,  from  the  intervention  of  the  land,  cannot  be  seen. 
The  difficulties  alluded  to  are  such  as  may  arise  from  the  ship 
having  so  much  motion  as  to  render  it  scarcely  practicable  to 
take  the  angles  on  the  mast  and  at  its  foot,  as  well  as  the  angle , 
of  heel,  simultaneously.  In  smooth  water  there  can  be  no  diffi- 
culty. In  inland  seas,  at  anchor,  in  preparing  to  attack  land- 
batteries,  when  it  is  of  im}X)rtance  to  determine  the  distance  of 
the  object  from  the  ship,  there  seems  to  be  no  other  method  of, 
obtaining  such  distance  than  by  some  triangulation  in  which  the 
base  is  either  the  length  of  the  ship,  as  in  Sir  Edward  Belcher's 
method,  or  the  height  of  the  ship's  own  mast,  as  proposed  by 
the  author.  In  suggesting  this  last  method  it  is  not  intended 
to  disparage  the  very  ingenious  one  proposed  by  Captain  Eyder 
or  that  of  Sir  Edward  Belcher,  but  merely  to  offer  a  means 
which  may  be  employed  when  circumstances  render  it  appli- 
cable ;  and  it  may  be  observed  that  the  difficulties  indicated 
would  be  equally  felt  in  Sir  Edward  Belcher's  method,  which  is, 
besides,  applicable  only  when  tlie  object  whose  distance  is  re- 
quired is  well  on  tlie  beam. 

When  the  height  of  the  object  is  not  known,  the  distance  may 
be  ascertained  by  having  a  line  marked  on  the  "  knight-heads  " 
at  right  angles  to  the  keel,  and  stationing  a  person  at  the  "  Con- 
centrating Director  "  (fixed  as  far.  aft  as  possible)  to  keep  the 
object  on  mth  the  sight ;  another  being  stationed  forward,  to 
make  a  signal  when  the  line  is  brought  on  with  the  object  by 
the  helm :  the  length  between  the  two  observers  and  the  angle 
by  the  Director  being  known,  the  distance  can  be  ascertained. 
(See  Tables  XIX.  and  XX.,  Appendix  B.) 


SECTION  II. — ON  THE  POINTING  OP  NAVAL  ORDNANCE. 

474.  When,  without  manoeuvring,  ships  come  fairly  to  close 
action,  the  necessity  of  determining  the  elevation  due  to  the 
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distanceB  of  tho  objects  does  not  exist.  Superior  precimon,  and'' 
rapidity  of  horizontat  fire,  will  tlien  determine  the  afi'air ;  it  is 
important  therefore  to  consider  tlie  beat  means  of  laying  ord- 
nance readily  in  horizontal  or  point-blank  positions,  whatever  bo 
the  inclination  of  the  vessel.  It  very  frequently  happens  that 
ordnance  cannot  be  pointed  accurately  by  sight,  particularly  in 
general  actions,  on  account  of  the  smoke  in  whicli  the  hulls  of 
the  contending  veBsels  are  nsually  enveloped.  In  sucli  cases, 
therefore,  it  is  necessary  to  resort  to  some  expedient  by  which 
each  piece  of  ordnance  may  be  readily  laid,  and  correctly  fired, 
in  a  horizontal  tUrection.  Various  very  ingenious  contrivances 
■were  devised  during  the  late  war  to  regulate  generally  the  posi- 
tion  of  ordnance  for  Iiorizontal  fire ;  and  the  most  successful 
method  of  doing  this  was  by  means  of  a  pendulnm,  as  prac- 
tised by  the  gallant  Sir  Philip  Broke  in  liia  Majeety's  sliip 
'■  Shannon." 

475,  This  ingenioiia  expedient  was  also  practised  by  other 
gallant  officers,  from  the  example  of  its  distinguished  author ; 
and  it  is  described  in  a  tract  by  Captain  Pecliell,  entitled  '  Ob- 
servations on  the  Defective  Equipment  of  Ships'  Guns,  in  a 
Letter  addressed  to  Vice-Admiral  Sir  Harry  Noale,  Bart,  G.O.B., 
dated  H.M.S.  "  Sybille,"  Dec.  1st,  182.5.'  ■ 

The  motion  of  a  large  ship,  in  good  engaging  weather,  is  bo 
easy  and  slow,  that  anything  of  a  pendulous  nature,  nicely  fitted, 
on  board,  ^vill  act  with  considerable  accuracy — witness  the  ma- 
rine barometer. 

Though,  at  first  sight,  there  may  seem  to  bo  grave  objections 
to  an  application  of  the  pendulum  for  this  purpose,  on  account 
of  the  disturbing  effects  of  tJie  vcssers  motion,  yet  experience 
haa  pi-oved  (see  Arts.  476,  477)  that  the  pendulum  may,  with 
advantage,  be  used  in  regulating  the  jxjsition  in  which  ordnance  - 
should  be  laid,  with  reference  to  tho  angle  of  heel,  so  as  to 


■  The  autlior's  lamanted  (Henii  Sir  John  Pechell,  Bent  him  &  copy  of  this 
tract  Boon  after  it  was  published,  in  a  lutter  dated  Dec.  13,  181iG,  of  which  the 
followiag  is  (in  ostract;— "I  am  sure  jou  will  approve  of  evBrything  tUat  bas 
a  leudoncy  lo  bring  (ciinnery  into  fitshion.  ¥ou  will  perceive  I  havo  quoted 
vour  wnrk,  and  ouly  wish  the  Admiralty  had  long  Binee  adopted  your  systetu, 
it  it  npiwars  they  wtre  frighlenud  at  tlie  eijienao ;  Bomething,  however,  baa 
nn  ■«,«...)  u„  ,.^„  In  iu«-n  «,Tih  BnA  i^»t !.  »,j  ample  Bllowaote  of  powder 
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produce  a  fire  nearly  horizontal  Thoee,  again,  who  object  to 
the  principle  of  intrusting  to  captains  of  guns  the  care  of  regu- 
lating the  pointing  by  the  position  of  a  pendulum,  can  scarcely 
be  aware  of  the  high  degree  of  eflSciency,  intelligence,  and  prac- 
tical skill,  to  which,  though  not  in  sufficient  numbers,  the  whole 
corps  of  seamen  gunners  has  been  raised  by  the  Institution  de- 
scribed in  Part  I. 

476.  The  established  practice  in  the  British  service,  with 
respect  to  the  use  of  pendulums,  is  to  have  one  or  two  of  these 
instruments  placed  in  the  square  of  the  hatchway  or  hatchways 
in  order  to  denote  the  inclination  of  the  ship ;  and  general 
orders,  circulated  by  signal  or  otherwise,  direct  tiie^evation  to 
be  given  to  the  lee-guns,  or  the  depression  to  the  weather-guns, 
according  as  the  ship  may  be  engaged,  so  that,  in  either  case, 
her  firing  may  be  horizontal  The  guns  are  always  kept  in  hori- 
zontal positions,  and  the  sights  at  point-blank,  unless  contrary 
orders  are  given.  The  depression  chock  is  always  to  be  used  so 
long  as  the  elevation  will  admit  of  it,  as  the  coins  are  then  less 
liable  to  start  out.  This  method  may  be  used  with  advantage 
when  approaching  an  enemy,  by  ninning  down  from  the  wind, 
the  guns  being  prepared  for  horizontal  firing  by  the  best  possible 
estimation  of  what  the  heel  of  the  ship  may  be  when  brought  to 
the  wind. 

477.  The  pendulum  is  very  generally  used  in  the  French 
naval  service  to  indicate  the  moment  when  the  axis  of  the  gim 
becomes  horizontal ;  and  it  is  justly  considered  so  important  to 
determine  this  with  the  utmost  precision,  that  the  indications  of 
the  pendulum  are  compared  with,  and  checked  by  means  of  a 
reflecting  instrument,  so  constructed  as  to  show  by  the  coin- 
cidence of  the  real  and  reflected  horizon,  the  instant  in  wliich 
the  axis  of  the  gun  is  horizontal.  This  combination,  called 
L'Horizon  Balistique,  is  mentioned  in  several  works  as  an  im- 
portant discovery.*  French  writers  observe  that  accuracy  in 
aiming,  and  certainty  in  hitting,  have  now  become  matters  of 
the  utmost  importance  in  an-  economical  as  well  as  in  a  pro- 


*  The  reader  will  find  a  description  of  these  expedients  in  Colonel  Pr^aux's 
work,  *Sur  le  Canonnage  k  Bord  (p.  100)  ;  but  no  figures  are  given  to  show- 
how  they  are  applied. 
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feeeioiial  sense,  on  accoont  of  tlie  enormous  expense  of  the 
system. 

478.  However  accurately  tlie  distance  of  an  object  may  have 
been  detennmed.  and  however  wtill  a  ship  may  be  furnished 
with  fables  and  rules  for  practice,  and  prorided  with  skilful 
experienced  gunners,  the  firing  cannot  be  efBeient  unless 
ordnance  be  fumislied  with  correct  sights. 

The  only  means  provided  in  the  ordnance  arsenals  during  the 
late  war  for  pointing  naval  ordnance,  were  the  quarter-sights 
engraved  on  the  sides  of  the  base-rings,  in  quarter  degrees  from 
point-blank  to  two  or  three  degrees.  For  close,  horizontal  tire, 
guns  not  provided  with  proper  sights  (and  some  such  may  yet 
be  required)  may  be  laid  by  the  point-blank  quarter-sight,  n-ith 
Bufficieut  accuracy,  by  simply  bringing  the  notches  upon  the 
base-ring  and  muzzle  to  bear  upon  the  object  aimed  tit;  the 
elevation  will  then  be  correct,  and,  in  close  action,  the  hne  will 
be  BuflSciently  true.  But  wlien  tlie  distance  is  such  as  to  require 
any  elevation,  this  method  of  pointing  guns  is  totally  inappli- 
cable to  naval  service ;  because,  unless  the  line  be  correctly 
taken  over  the  top  of  the  gan  at  the  same  time,  great  errors  in 
horizontal  divergence  would  he  produced.  In  land-service  the 
line  may  be  taken  over  the  top  of  the  piece,  and  tlie  elevation 
afterwards  regulated  by  the  quarter-sight;  but  in  naval  practice 
these  two  operations  must  be  executed  simultaneously.  It  is, 
therefore,  a  matter  of  great  importance  in  all  naval  artillery- 
practice,  to  reduce  these  two  operations  to  one ;  and  this  can 
only  be  done  by  means  of  a  tangent-scale  fitted  to  the  breech  of 
the  gun,  either  at  the  side  or  on  the  top,  and  a  dispart  so  plsoe^ 
that  the  line  of  sight  may  be  parallel  to  the  axis  when 
tangent'Sight  is  close  down. 

In  our  naval  actions  of  1812  and  1813  the  disadvantages 
arising  from  not  having  any  regulated  sights  or  adjustments  of 
tliis  description  were  severely  felt ;  and,  liad  it  not  been  for  the 
intoUigence,  ability,  and  skill  of  our  naval  oflicors,  who,  by 
various  expedients,  supplied  this  great  defect,  the  consequences 
might  have  been  very  serious.  The  guns  of  the  United  States' 
frigates  were  fitted  ui  a  manner  which  enabled  them  to  be  fired 
horizontally,  or  at  any  required  inclination.  In  some  cases  this 
was  accomplished  by  the  dispart,  in  others  by  tubes  placed  on 
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the  tops  of  the  guns,  and  either  fixed  parallel  to  the  axis  or  pro- 
vided with  the  means  of  being  inclined  to  it  so  a%  to  give  to  the 
guu  the  requisite  degree  of  elevation. 

479.  It  waa  not  till  after  that  war  that  the  sabject  of  sights, 
and  scales  of  elevation,  was  taken  into  eerious  consideration  by 
the  proper  authorities  in  this  country,  when  inBtrumenta  of 
various  descriptions  were  devised  to  take  the  line  of  direction 
and  give  the  necessary  elevation  to  the  gun  at  the  same  time. 
To  effect  this,  'top-eights  (Congreve's)  were  first  introduced  and 
very  generally  used.  Hloveable  sights  of  different  heights  had 
been  used  on  board  of  the  "Shannon"  and  "San  Domingo" 
during  the  war,  the  only  fixture  being  a  confining  sight  on  the 
breech,  to  warn  the  captain  of  the  gun  to  keep  his  eye  down  to 
the  level  of  "the  notch  on  the  base-ring,  in  line  with  the  other 
sight.  Congreve's  sights  consisted  of  tubes  of  delicate  construc- 
tion, fitted,  with  mathematical  and  mechanical  nicety,  to  minute 
differences  of  elevation ;  but  it  was  soon  found  that  instruments 
of  this  description  standing  high  upon  the  top  of  the  gun,  would, 
on  service,  if  attached  to  guns  upon  the  quarter-deck,  forecastle, 
and  gangway,  be  exposed  to  damage  at  every  mstant  by  the  fall 
of  rigging,  &c.,  from  aloft ;  and,  if  on  the  main  deck  of  line-of- 
batUe  ships  or  frigates,  by  the  working  of  the  tacks  and  sheets 
in  manteuvring.  Another  serious  objection  to  fixed  toi>sight*i 
standing  considerably  above  the  breech,  and  for  which  the 
means  tiieu  in  practice  afforded  no  remedy,  was  that  the  lowness 
of  the  upper  sills  of  the  ports  preventod  the  use  of  tliose  scalesT 
when  a  ship  might  be  figlitijig  her  lee-side  under  pressure  of  a 
smart  breeze,  her  opponent  being  so  distant  as  to  require  consi- 
derable elevation  to  be  given  to  the  guns. 

It  appeared  also  on  further  trial  that  whenever  there  is  so 
great  a  swell  as  to  occasion  much  and  rai)id  motion,  any  close 
sight  having  but  a  emaU  aperture  tluijugh  which  to  catch  a 
glimpse  of  the  antagonist's  ship,  as  it  passed  rapidly  into  and 
across  the  field  of  the  tube,  was  not  foimd  so  advantageous  as  an 
open  sight ;  because  the  quick  motion  of  a  ship  giving  but  a  | 
glimpse  of  the  object  fired  at,  without  a  distinct  perception  of 
the  approach  to  coincidence,  induced  the  captain  of  the  gun 
either  to  take  his  eye  from  the  tube,  or  by  h 
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long  to  it,  prevented  liim  from  antitipatiiig  the  right  iustaat, 
which  a  skilfui  and  experienced  gunner  ought  to  seize. 

For  these  reasons  all  complicated  iustrumentfl,  as  sights,  have 
been  abandoned,  and  the  simple  tangent-scale,  as  long  wscd  in 
the  land-service,  is  now  universally  adopted  in  the  navy. 

480.  The  tangeut-seales,  nith  which  all  naval  guns  are  now 
fitted,  are  made  of  brass.  For  all  32-pomuIer8,  up  to  50  cwt, 
the  scales  are  graduated  to  5°.  The  50  or  58  cwt.  32-pounder,  . 
length  9  ft.  6  in.,  admits  of  the  tangentrscale  being  graduated 
only  to  i°.  When  greater  elevations  arc  required  than  the 
brass  scales  can  give,  a  wooden  scale"  of  the  some  form  is  sub- 
stituted ;  this  is  graduated  from  4°,  or,  as  the  case  may  be,  from 
5°,  to  6i° ;  and,  for  still  greater  elevations,  a  longer  scale  is  pnt 
in,  which  is  'graduated  up  to  10°,  the  greatest  elevation  which 
the  ports  of  ships  in  general  admit  of.  If  greater  elevation  or  de- 
pression is  required  than  the  porta  will  allow,  inclined  planes 
placed,  in  the  former  case,  under  the  rear  trucks,  and  in  the 
latter,  under  the  fore  trucks,  will  permit  about  two  or  tliree 
degrees  more,  of  either,  to  be  given. 

The  elevation  may  be  increased  beyond  that  at  which  the 
gun  can  come  in  without  its  muzzle  striking  the  upper  sill  nf 
the  port;,  by  placing  the  edge  of  an  inclined  plane  beneath  the 
after  axletree,  so  that  in  the  recoil  of  the  gun  the  liinder  part  of 
the  carriage  being  forced  up  the  inclined  plane,  the  muzzle  is 
thereby  depressed,  and  comes  in  without  striking. 
■  481.  At  the  time  the  author  first  published  this  work,  tho 
elevating-screw  was  coming  rapidly  into  use  in  the  French  navnl 
service  for  all  natures  of  ordnance ;  as,  by  its  means,  the  gun 
could  be  easily  elevated  or  depressed  by  one  man,  whereas  tlio 
adjustment  by  means  of  tlie  coin  required  two  handspike-men 
per  gun ;  and  in  this  way  the  elevation  was  effected  by  jerks, 
whei-eas  with  the  screw  the  movement  would  V>e  uniform  and 
gradual.  When  great  changes  of  elevation  are  required,  it  is 
true  that  tliere  is  some  loss  of  time  by  the  slow  process  of  the 
screw,  and  for  this  and  other  reasons  it  is  objected  to  in  our 
service ;   but,  formerly,  the  great  advantage  of  tlie  screw  over 


•  It  hiiB  been  found  that  brass  ia  not  fiiiitdblH  for  langent-ocales  of  great 
igt]i,  wi  tJiey  invtiriaUy  droop  if  made  of  that  material. 
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the  coin,  particularly  in  rapid  firing,  was,  that  by  the  very  inge- 
nious mode  of  preventing  the  screw  from  turning,  the  elevation 
of  the  gun  was  not  altered  by  the  firing ;  whereas,  in  the  other 
mode  of  adjustment,  the  coyis  were  displaced  by  the  shock  of 
the  discharge,  so  that,  after  being  fired,  the  gun  had  to  be 
restored  to  its  previous  position,  the  distance  and  charge  being 
supposed  to  remain  the  same.  This  objection  to  the  coin  does 
not  now  exist,  as  it  is  secured  from  shifting  its  position  when  the 
gun  is  fired,  by  the  use  of  coin  lanyards  :  while,  in  regard  to  the 
elevating-screw,  it  must  be  allowed  that  there  are  two  serious 
objections  to  its  use,  viz.,  that  it  might  become  so  strained  or  bent 
by  the  concussion  of  firing  as  to  become  unserviceable,  or  it 
might  be  bent  or  broken  by  shot  so  as  to  become  jammed  and 
very  diflScult  of  removal. 

The  following  table  contains  the  extreme  elevations  and  de- 
pressions of  guns,  which  can  be  given,  without  injuring  the  ports, 
on  each  deck  of  difierent  ships  of  war  in  the  British  navy  : — 


Deck. 


Lower 
Middle 
Main 
Upper 


•I 


Lower 
Main 
Upper    .  I 


Lower    . 


Nature  of  Gun. 


"  Princess  Oiiarlotte." 


"  Illustrious," 

32-prB.  (9  ft.  6  in.  long) 
G8-prs.  (9  ft.  0  in.  „  ) 
32-pr8.  (9  ft  0  in.  „  ) 
32-prs.  (8  ft.),  forecastle 
32-prs.  Carronades    .     . 


"Excellent. 


»♦ 


32-pr8.  (9  ft.  6.  in.),  without  in-) 

clined  planes / 

Ditto,  with  inclined  planes.      . 

32-prs.  50  cwt.  (9  ft.  long),| 
without  inclined  planes    .     ./ 

Ditto,  with  inclined  planes  . 

32-prs.  41  cwt.  (8  ft.),  witlioutj 
inclined  planers      ...      .  / 

Ditto,  with  inclined  planes  .     . 


Elevation. 

0 

r 

10 
9 
9 
9 

0 

0 

30 

30 

12 
10 
12 
9 
12 

0 
0 
0 
0 
0 

10 

0 

13 

30 

10 

30 

12 

0 

13 

0 

14 

0 

Depreralon. 


5     30 
.5       0 


7 
7 


5 
6 
8 
7 
8 


5 

8 

5 
8 


r> 


30 
30 


0 
0 
0 
0 
0 


30 
30 


7     30 


Height  of  port,  2  ft. 

9iin. 
Ditto  of  axis  ahovo 

the  deck,  3  ft.  4  in. 

45  1 1  Height  of  axis  above 
rjQ    )    tlicdeck,3ft.  l^in. 


30  /IHeiglit  of  axis  ahovo 
j     the  deck,  3  ft. 


"  A  ST  A. 


»» 


'1   Ci 
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Table  of  extreme  Elevations  and  Depressions  of  Guns  in  the  British  Navy— ccm^**- 


l.^cCiC  • 


Lower  .< 


(Nature  of  Gun. 


Main 


•  N 


Upper 


"  Asia." 

32-prs.  (9  ft.  6  in.),  without  in- 1 

clined  planes j 

Ditto,    with     inclined    planes) 

(with  toggle)  •      .     .     .     .j 
8-in.    Guns.    65    cwt.    (9    ft.)  I 

without  inclined  planes    .     .  j 
Ditto,  witii  inclined  planes  (withl 

toggle)        / 

32-pr8.  (7  ft  6  in.),  bored  up 

Guns,  without  inclined  planes 
Ditto,  with  inclined  planes  (with  \ 

toggle) / 

8-in.    Gun,    without    inclined) 

planes J 

Ditto,  with  inclined  planes  (with  \ 

toggle) / 

Garronades 

Ditto  (amount  which  the  screws  | 

will  idlow) / 


Elevation. 


10  0 

15  30 
12  0 

16  0 


Depression. 


15 

0 

16 

0 

7 

30 

12 

30 

10 

0 

11 

30 

4  30 

6  30 
2  15 
4  45 

7  0 
10  30 

6  0 

7  30 

8  30 
8  30 


Although  for  extreme  elevations  and  depressions  the  inclined 
planes  may  be  used,  yet  it  must  be  observed  that,  beyond  the 
elevation  which  the  ports  admit  of,  the  sight  can  no  longer  be 
taken  by  the  tangent-scale,  nor  by  any  other  top-sight  A  gun 
can  then  only  be  laid  by  lowering  the  breech  to  an  extent  regu- 
lated by  a  wooden  graduated  scale,  of  which  one  end  is  placed 
upon  the  carriage,  and  the  elevation  is  determined  relatively 
with  a  mark  or  quarter-sight  on  the  base-ring  of  the  gun  in 
the   horizontal  plane  passing  through  its   axis.^      Graduated 

coins  are  found  to  answer  extremely  well,  and  are  more  readily 
used. 

482.  The  following  rules  for  concentrating,  or  directing  the 

■  The  toggle  and  tripping-line,  which  we  describe  for  the  information  of  the 
general  reader,  is  an  expedient  by  means  of  which  a  greater  degree  of  depres- 
sion may  be  given  to  a  gun  than  the  height  of  the  lower  port-sill  admits  of, 
without  being  struck  by  the  muzzle  of  the  gun  in  its  recoil,  as  in  fighting  the 
weather-side  in  strong  breezes.  This  is  effected  by  placing  a  wooden  pin  {toggle^ 
vertically  under  the  breech  of  the  gun,  and  having  one  end  of  a  tripping-line 
fastened  to  the  centre  of  the  toggle,  and  the  other  end  tied  to  the  breeching- 
bolt  in  the  side  of  the  ship,  so  that  at  the  commencement  of  the  recoil  the 
toggle  is  tripped  from  its  place,  when,  by  the  preponderance  of  the  breech,  the 
muzzle  is  raised  sufficiently  to  come  in  clear  of  the  port-sill. 

•*  For  dimensions  of  the  ports  of  PVench  ships  of  war,  see  table  opposite  page. 
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fire  of  several  guns  towards  a  given  point,  are  extracted  from 
the  Gunnery  Instructions  Book  t '- — 

The  guuB  are  trained  in  tJie  direction  of  the  object  by  bringing 
diem  on  with  lines,  hooked  to  the  centre  of  each  port,  and  held  im- 
mediately imder  marts  made  on  the  bcama  or  deck  o^er  head,  for 
the  several  bearings  of  abeam  1^  and  3  points  before  and  abaft  the 
beam,  and  laid  by  marked  coin  according  to  the  licel  of  the  ship  and 
the  distance  of  the  object — the  direction  being  given  by  aid  of  an 
instrument  from  npper-deek.  The  midship  gun  is  used  as  the  direct- 
ing gun,  and  the  angles  of  training  ahonld  bo  ascertained  for  the 
above  bearings  at  a  conatant  distance  of  500  yards  ;  for  though  the 
calculations  are  made  for  this  distance,  yet  this  method  of  laying  the 

Flg.Bl. 

JBO  SO  nee 

*  The  reader  ia referred  toa  very  intcrestingpublication, entitled,  'Heniarks 
on  tbe  Means  of  Directing  the  Fire  of  Ships'  Broadaides  in  Converging  Direc- 
tiona,'  hy  Coram.'jnder  Artliur  Jorningham,  R.N.,  for  some  able  and  elaborate 
propositions  on  this  snbject. 


DiHBNBiOKS  of  tlie  Ports,  in  English  measures,  for  diffcre 
Oninanoe,  on  board  of  French  Ships  of  War. 
Ships  of  tbe  Old  Modei,. 

at  natures  of 

N>tarcsofOnii8.                           |              Carromidefi. 

36. 

24. 

18. 

12. 

8.           S6. 

24. 

18. 

Widih     .     . 

Hwghloriower 
siiUI«Tetho 
clerk      .      . 

n.      In. 
3    3.4 
3     3. 

2    3.5 

ft.      in. 
3     2.2 
3  10.8 

2    1.6 

2  10.8 
2    7.2 

1  10.4 

2  •:% 

2    1.7 
1     S.l 

2    3.3   3    3!4 
2    l.G  3    3.4 

1    4.9-1     4.9 

3    2. 
3    3.4 

1     2.9 

2  10.2 

»  a. 

1     2.1 

L 


Snips  of  file  New  Mocel. 

CunoiiB-ObusJcrs. 

Guns.                        .Carniudfa. 

80,K».l. 

80,Ko.2. 

16. 

30.Lg.,E. 

30.  Short. 

12. 

30. 

WiJUi      .      . 

Height     .      . 

Heifihtiinower 
sill  above  th* 
deck      .      . 

n.      In. 
3    3.4 
3    2. 

2    2.8 

ft.      In. 
3     2.5 
•i  11.4 

2      0. 

2  11.4 
2    7.2 

1   s.e 

B.      In. 

a  3.4 

3     2. 

3    2?"5 
•i  11.4 

2    0. 

fl.     In. 
2    7.2 
2    4.7 

3    2,2 

J 

I    2,2  _J 
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guns  is  intended  for  all  ranges  within  1000  yards,  at  which  distance, 
if  the  guns  are  properly  laid,  both  as  regards  elevation  and  direc  • 
tion^  the  shot  will  be  at  the  same  distance  from  each  other  as  on 
leaving  the  guns.     (Fig.  57,  previous  page.) 

To  Calculate  the  Angles  for  Concentrating  on  the  Beam. 

Let  A  be  the  midship  gun  trained  right  abeam,  B  the  foremost 
one,  C  the  object  at  a  constant  distance  of  500  yards.  Let  the 
distance  from  A  to  B,  supposed  known,  equal  96  ft.,  and  the  dis- 
tance from  the  centre  of  port  inboard  be  taken  as  14  ft.,  being  the 
0  Fig.  bs.  same  for  all  the  guns.     Then 

the  angle  C  can  be  easily 
found,  for  ^  =  tan  C,  the 
angle  of  training  for  the  fore- 
most gun.  Again,  in  triangle 
B  D  E,  we  have  D  E  =  B  D  • 
tan  C,  the  length  of  the  tan- 
gent to  be  set  off  over  head, 
from  the  point  opposite  the 
centre  of  the  port.  For  the 
intermediate  guns,  divide  the 
length  D  E  by  the  number  of 
guns  before  the  midship  one, 
which  will  give  the  length  of 
^  ^  the  tangent  for  the  gun  next 
to  the  midship  one ;  twice  this  will  be  the  length  for  the  next  gun, 
and  so  on : — Thus,  if  D  E  =  10'7  inches,  and  the  number  of  guns  be-' 
fore  A  be  8,  we  have  '-V-^  =  1*3  inches,  or  the  length  for  the  gun 
next  to  A  ;  2*6  inches  =  the  length  for  the  next  gun,  and  so  on.  The 
same  measurements  answering  for  the  guns  abaft  A. 

To  Calculate  the  Angles  for  Concentrating  3  points  abaft  the  Beam, 

Let  A  be  the  mid- 
ship gun  trained  3 
points  abaft  the 
beam,  B  the  fore- 
most one,  C  the 
object  distant  500 
yards.  Let  the  dis- 
tance from  A  to  B, 
supposed  known, 
equal  96  feet,  and 
the  distance  from 
the  centre  of  the  port 
inboard  equal  1 4 
"c  feet  as  before.   Then 


.   Fig.  59. 
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„        ,,  .  A  C  +  A  B        Tan  4  (B  +  C) 

from  the  expression,  — — --=-  =   — --)-- — --^ 

A  (J  —  A  B  Tan  4  (B  —  C) 
the  angle  B  can  easily  be  found,  ivhich,  taken  from  00',  will  give 
tlie  angle  of  training  for  the  foremoat  gun.  Again,  in  triangles 
A  II  E,  B  F  G,  we  have  D  E  =  A  D  ■  Ian,  A  and  F  G  =  F  B  ■  tan  B, 
which  are  the  rotiuired  longtUs  of  the  tangents  to  bo  Bet  off  over- 
huad  from  the  opposite  the  centres  of  these  ports.  For  the  intemie- 
diiito  giina,  divide  the  difference  between  the  two  lengths  D  E  and 
F  CI  by  the  number  of  guns  befoi-e  the  midship  one,  and  add  this 
common  difference  to  the  length  D  E  for  the  gun  next  before  the 
midship  one,  and  so  on  to  each  gun  in  unccossion.  Thus,  let  F  G 
=  10  ft.  5  in.,  and  D  E  =  9  ft.  4  in.,  the  difference  =  1  ft.  1  in. ;  let 
llie  number  of  guns  before  A  be  8,  then  we  have  V  =  l'"  inches, 
the  common  difference  for  each  gun ;  theuifiTe  !)  ft.  6-6  in.  =  the 
length  for  the  gun  before  A;  9  ft.  7-2  in.  =  the  length  for  the  next 
gim.  and  so  on. 

The  measurements  for  the  corresponding  guns  abaft  the  midship 
one  will  be  found  by  sMracting  the  common  difference  from  D  E, 
und  so  on  fiom  each  gun  in  succession. 

The  calculation  of  the  angles  for  3  points  before  the  beam,  or 
for  11  points  before  and  abaft  the  beam,  is  performed  in  the  samo 
manner. 

To  Mark  the  Beams  overhead  after  the  Angles  are  calculated. 

Having  a  line  parallel  to  the  keel,  overhead,  at  any  con\omont 
distance  in  rear  of  the  guns,  measure  the  assumed  distance  14  ft. 
from  the  centre  of  board  inboard,  and  place  a  perfectly  straight- 
edged  batten  there,  parallel  to  the  teel  lino  ;  then  transfer  the  centre 
of  the  port  to  the  batten  by  stretching  a  line  taut  across  from  the 
cenlreof  two  opposite  (//-pur  port-silla  ;  or,  with  any  length  of  line  as 
radius,  from  the  centre  of  the  port  describe  an  arc  cutting  the 
Iiatteu  before  and  abaft  the  centre  ;  half  the  distance  between  these 
marks  will  give  the  point  corresponding  to  the  centre  of  the  port. 
From  this  centre,  raeasnre  off  en  the  batten,  to  the  right  and  left, 
the  lengths  of  the  tangents  for  the  different  bearings,  as  calculated 
above ;  and  then  transfer  these  points  to  the  beiinis  or  deck  imme- 
diately over  the  batten,  taking  care  to  paint  them  in  snch  a  manner 
that  ibe  marks  for  one  gun  may  not  be  mistaken  for  those  of  an  ad- 
jacent gun:  the  batton  is  then  removed. 

Note.— The  hook  lo  whirb  the  line  ■«  nttnchi^l  ahoul.i  Im  Jrivau  in  at  Ihc  wnt.e,  nod 
flush,  wiOiin  two  or  three  incha  of  the  cirWr  nii-  —H  the  14  ft. 

nii.'iunreinent  littA  in  the  oiluulstjon  of  the  d  ""_ 

[uiring  nn  eye  *|i)iee(l  in  Uhs  outer  md,  t' 
beheld  by  >'o.  I  nt  Iht  time  uf  Uiying  I 
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Instructions  for  the  use  of  MoorsorrCs  Director  (New  Pattern) 
for  Firing  a  Concentrated  Broadside. 

1st.  The  instrument  should  be  placed  at  the  gangway  nearly  over 
the  midship  gun,  or  in  the  most  convenient  position,  on  battens 
parallel  to  the  keel,  and  horizontal  when  the  ship  is  upright.  The 
arc  is  marked  in  degrees  and  points ;  and,  at  the  several  bearings  of 
concentration,  raised  knobs  are  placed  underneath  as  a  guide  by 
night.  The  large  inner  sight  is  graduated  in  degrees  from  the 
centre  as  a  tangent-sight,  with  the  distance  between  the  outer  and 
inner  sight  as  a  radius,  so  that  it  may  be  set  to  any  degree  of  eleva- 
tion or  depression  according  to  the  heel  of  the  ship,  or,  if  roUingy  to 
that  particular  degree  of  the  roll  at  which  it  may  be  desirable  to 
deliver  the  broadside. 

2nd.  The  small  depression-sight  is  marked  in  degrees  in  the  same 
manner ;  so  that  it  may  be  set  to  the  angle  of  depression  due  to  the 
height  of  the  Director  above  the  guns  on  the  loioest  deck,  for  the 
different  distances,  as  shown  in  the  table  ;  and  these  angles  should 
be  painted  on  the  board,  so  as  to  be  always  at  hand  when  required. 
3rd.  The  beds  should  also  be  marked  for  the  angle  of  depression 
at  600  yards,  due  to  the  height  of  the  guns  on  each  deck  above 
those  on  the  lovoest  deck  as  in  fig.  60 :  and  this  mark  C,  should  be 

considered  as  the  P.  B, 
mark  in  laying  the  guns 
for  all  distances  within 
600  yards;  the  broad- 
side will  thus  be  con- 
centrated at  this  dis- 
tance on  the  loicest  gun- 
deck  of  the  enemy :  but 
for  all  distances  beyond  600  yards,  the  proper  P.  B.  mark  should  be 
used. 

4th.  The  instrument,  having  been  adjusted  to  the  required  bear- 
ing, the  small  depresion-sight  is  set  to  the  angle  of  depression  due  to 
the  distance,  and  then  the  sliding  bar  raised,  or  lowered,  till  the 
sights  are  on  with  the  lowest  gun-deck  of  the  enemy,  when  the  heel 
will  bo  denoted  by  the  upper  edge  of  the  sliding  bar ;  the  same  orders 
are  then  given  as  already  explained  in  3rd  Instruction,  and  the 
signal  or  order  to  fire  should  be  given  when  the  guns  are  laid  and 
the  object  is  brought  on  with  the  sights. 

Note. — The  director  may  be  used  with  advantage  wlienever  target- practice  is  going  on 
from  a  ship  at  sea,  as  it  will  show  at  once  whether  the  guns  will  bear  upon  the  object  at 
any  particular  time  or  not,  and  also  for  ascertaining  the  distance  of  an  object. 


Fig.60. 
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Anoles  of  Dephession  fob  diffeubst  Heights  and  Distascbs. 


Height.' 200  jJh, 

300  yds. 

400  yds. 

500  j-Jfl. 

BOO  yda. 

800  y<[s. 

1000  jda 

Height. 

Feet,        ^° 

i;jl. 

".f 

-r 

*r 

"-T 

'r 

"■r"" 

Dtp««ion 

DupreMlon 

HepKBlOB 

o     • 

□     ' 

O      ' 

O      ' 

0     ■ 

6 

0  23 

0  17 

0  14 

0  12 

0     9 

0    7 

12 

0  46 

0  34 

0  2S 

0  23 

0  17 

0  14 

12 

le 

I  43 

1     9 

0  52 

0  41 

0  34 

0  21 

2i 

2  13 

1  32 

I    9 

0  55 

(1  46 

0  34 

0  28 

24 

30 

2  52 

1  55 

1  26 

1     B 

0  57 

0  43 

0  34 

30 

36 

3  26 

2  18 

1  43 

1  23 

0  52 

0  41 

3G 

42 

*     0 

a  40 

2    0 

1  36 

1  SO 

1    0 

0  46 

42 

483.  Wlien  a  vessel  heels  much,  or  there  ia  any  motion,  the 
concentrated. fire  of  a  ship's  batteries  must  be  given  simulta- 
neously in  broadsides,  or  by  divisions,  either  of  which  methods 
is  objectionable,  and  should  be  avoided  as  much  as  possible. 
Firing  by  volleys,  in  the  naval  service  in  particular,  is  extremely 
objectionable,  and  is  rarely  as  efficacious  as  the  independent 
and  deliberate  fii'iag  of  one  or  two  well-directed  and  well-served 
gims. 

Perhaps,  as  stated  in  Colonel^Stevens's  interesting  pamphlet,' 
it  may  be  doubted  whether  the  somewhat  complicated  system 
of  concentration  may  not  be  carried  too  far,  and  whether  it  is 
likely  to  prove  as  efficient  as  the  independent  and  ijuick  firing 
of  guns  conducted  in  the  ordinary  manner.  The  moral,  as  well 
as  the  material,  effect  would  probably  be  greater  if  the  same 


•  It  was  stated,  by  more  than  one  eye-witness,  in  several  public  prints  pub- 
lished at  llie  time,  that  the  "Christifm  tho  Eighth"  fired  by  snlvos  of  broad- 
sides, or  by  difisians  of  gona,  and  that  these  salvos,  as  indeed  evidently  was 
tljo  case,  mostly  missed  the  battery,  taking  effect  on  or  at  the  hiee  of  the 
redoubt  to  the  e&stward.  The  author  is  informed  tliat  the  mode  purnued  was 
to  fire  the  saivos  by  a  single  word  of  coramaiid,  as  volleys  of  infantry  were 
foTTRtTly  in  the  British  si'rvicG.  Thns  the  moment  to  fire  was  not  confided  to 
the  captain  of  each  gun,  its  proper  director. 

In  reflecting  on  the  (iilure  of  these  salvos,  the  author  regards  it  as  a  useful 
warning  against  the  practice  of  discharging  whole  broadsiilea,  or  divisions  of 
guns,  at  a  given  instant,  by  a  word  or  signal  of  command,  which  fatally  in- 
terferes with  the  iieiception  of  the  British  seaman,  inetnicted  ae  he  now  is  in 
the  use  of  the  sights  with  which  his  gun  is  ciiiiipi'ed. 

To  tlie  captain  of  the  gun  ahoultl  l-    ■      " '  ■'  :"  ■    "■  iiii-rtant  Iniat  of  the 


tlie 


-igser- 


and  witli  it  Gie.  duty  ti 
tal  plane  of  the  sightc.  I 
Object. — ■  Account  of  the  Destruction  i 
VIII,,'  by  Colrmel  Slercns,  Hoyal  Mai 


-brc 


ght  down  1< 


coiudiio  with  the 
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number  of  guns  were  fired  independently,  according  to  the  skill 
and  judgment  of  well-trained  captains  of  guns,  who,  each  seizing 
the  fiavourable  moment,  might  spread  destruction  throughout 
the  enemy's  ship. 

484.  Naval  officers  and  gunners  should  be  jiv^ell  skilled  in 
every  available  expedient  for  immediate  substitution  in  all  the 
uncertain  and  contingent  operations  of  gunnery  on  service  ;  it 
may  therefore  be  useful  to  explain  a  method  of  obtaining  the 
elevation  required  for  striking  a  ship  at  a  given  distance,  which 
may  be  easily  practised  should  other  means  &il,  as  by  the 
breaking,  or  want  of  a  tangent-scale,  or  some  other  contingency, 
and  which  may,  moreover,  be  generally  useful. 

The  method  of  pointing  ordnance  by  tangent>-practice,  in  the 
manner  to  be  explained,  was  suggested  to  the  author  by  Sir 
Philip  Broke ;  and  it  forms  the  basis  of  the  French  principle 
for  regulating  elevation,  which,  however,  by  a  complicated  use 
of  the  line-of-metal  sight,  is  extremely  objectionable. 

The  elevation  given  to  a  piece  of  ordnance,  at  any  range 
beyond  point-blank,  is  intended  to  allow  for  the  space  through 
which  the  projectile  Mis  by  the  action  of  gravity  in  the  time  of 
flight.  Now  the  vertical  space  through  which  the  projected 
body,  in  its  flighty  descends  below  the  line  of  aim,  is  equal  to 
the  tangent  of  the  angle  of  elevation  multiplied  by  the  range  or 
horizontal  distance  of  the  object  from  the  gun.  Thus,  suppose 
a  gun  to  be  at  A,  at  a  known  height  A  A  above  the  level  of  the 
water,  and  at  a  known  distance  A  B  from  a  vertical  object  B'C, 
J,  as  a  ship's  mast  upon  which  is  a 

Q  distinct  mark  D  (suppose  the  main- 
top), whose  height  B'D  above  the 
^  level  of  the  water  is  known.  Then 
if,  from  the  experimented  or  com- 
puted ranges  of  shot  fired  from  a 
^  particular  nature  of  ordnance,  there 
k-— - :  be  taken  the  corresponding  eleva- 
tions ;  and  (BB'  being  equal  to  AA') 
with  the  ranges  and  elevations,  the  heights  B'D  be  computed 
trigonometrieally  by  the  formula 

A  B  tan  B  A  D  +  B'B  =  B 1) ; 
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a  table  of  such  heights,  with  the  correepoiiding  distances  A  B  J 
(the  names  of  the   marks  D  being  also   expressed),  may  be  I 
formed ;    from  which,  by  inspection,  there  may  he  taken 
designation  of  the  point  to  be  aimed  at,  in  order  that  the  i 
may  strike  the  object  at  the  water-line,  the  dispart  sight  being 
used  so  that  the  line  of  aim  may  be  parallel  to  the  axis  of  the 
bore  of  the  gnn.     In  this  manner  Table  XXII.,  Appendix  B, 
was  formed  for  an  K-inch  and  a  32-poimder  gun ;    the  poiuta  I 
to  be  aimed  at  being  on  the  hull  or  masts  of  French  ships  of  ] 
two  clasees, 

The  ships  B  and  C,  represented  in  the  annexed  plate,  ; 
supposed  1o  be  of  82  gims,  and  the  distance  from  the  ship  A  to  1 
the  ship  B  is  foimd  to  be  630  yards.     This  requires  that  A, 
in  iiring  at  a  ship  B  of  that  class  with  8-inch  guns  (charges  1 
10  lbs.),  should  aim  at  a  point  about  midway  between  the  water-  1 
line  and  the  main-top  (see  Table  XXII.,  Appendix  B).      The  j 
distance  from  the  sliip  A  to  the  ship  C,  supposed  to  be  1078  | 
yards,  requires  that,  with  the  same  gim  and  charges,  the  aim 
should  be  taken  to  one  foot  below  the  main-topmast  cross-tree^  ' 
or  to  points  equally  high  on  tJie  other  masts.      The  masts  being 
thus  the  aim  for  the  luie,  as  well  as  for  the  elevation,  will,  with 
this  description  of  practice,  be  more  likely  to  be  wounded  or 
felled,  either  by  shot  wliich  penetrate  the  side  of  the  ship  with 
adeqiiate  force,  or  by  shot  wliich  may  chance  to  be  too  high  t 
hit  tlie  hull. 

485.  Since,  in  the  table,  the  angles  of  elevation  are  given,  a 
well  as  the  points  to  be  aimed  at,  the  guna  may  be  elevated,  j 
according  to  the  distance  of  the  object,  by  the  quarter-sights  or  1 
tangent-scales  if  preferred. 

The  designations  of  the  parts  to  be  aimed  at,  in  ships  of  three  I 
docks,  are  not  given,  because,  in  firing  at  such  great  bodies,  so  j 
great  a  degree  of  precision  is  not  requu^d  as  in  firing  against  | 
single-decked  or  two-decked  ships ;  and  the  tables  arranged  for 
the  one  may  be  nsed  for  the  oihu-rs  with  small  allowances  for 
tlie  difl'ereuces  of  height. 
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of  98  guns,  on  a  celebrated  occaaion,  that  sliip  having  been  pre- 
viously fully  equipped  with  gun-locks  by  her  captain,  the  late 
Sir  Charles  Douglas,  who  commaDded  her  from  April,  1778,  till 
November,  1781,  when  he  was  removed  into  the  "  Formidable," 
as  Captain  of  the  Fleet,  in  which  ship  lie  likewise  introduced 
these  and  other  improvements  in  naval  artillery. 

The  equipment  of  the  "  Duke "  with  llint-locks  to  all  her 
guns  was  ofl'ected  in  a  manner  so  characteriatic  of  the  ardour 
and  energy  of  that  enlightened  and  scientific  officer,  that  the 
author  truBts  he  may  be  excused  for  adverting  to  it  in  a  brief 
statement  of  facts,  wliich  will,  perhaps,  be  deemed  somewhat 
interesting  by  the  professional  reader. 

Ou  Sir  CbarlcrS  Douglas's  appointment  to  the  "Duke,"  he 
brought  before  the  Admu-alty  and  the  Ordnance  several  propo- 
sitions  for  improving,  facilitating,  and  quickening  the  service  of 
naval  ordnance.  The  cartridges  were  at  that  time  all  made  of 
paper,  which  required  the  operation  of  worming  gims  after  every 
discharge,  on  account  of  the  lower  end  of  a  paper-cartridge 
remaining  generally  at  the  bottom  of  the  bore  in  a  stat«  of 
ignition.  To  obviate  this,  Sir  Charles  Douglas  proposed  that 
the  cartridges  should  be  made  of  flanuel.  He  recommended, 
and  urged  repeatedly,  the  full  equipment  of  his  ship  with  flint- 
locks, by  which  the  use  of  the  slow-match  and  the  powder-horn 
for  priming  might  more  or  less  be  discontinued;  and  as  tin 
tubes  would  manifestly  be  dangerous  and  liighly  objectionable 
on  the  fighting-decks  of  a  ship,  he  recommended  that  quill-tubes 
should  be  substituted  for  them. 

487.  Neither  of  these  propositions  was  immediately  or  fully 
adopted ;  paper-cartridges,  tlie  match,  and  the  priming-horn  con- 
tinued for  some  years  in  general  use.  It  appears  by  official 
documents'  that  no  locks  were  supplied  during  1778  to  the 
"  Duke  "  at  Plymouth,  where  she  was  commissioned  in  April  of 
that  year  ;  but  in  the  following  year  she  was  furnished  at  Portor 
mouth  with  two  locks  for  24-pounder3,  four  locks  for  lli-poui 
and  two  for  O-pouuders  ;  total  eight  locks.''  Yet  the  '  ~ 
was  fully  equipped  with  gun-locks  in  the  cekbrated  v 
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the  12tli  of  April,  1782,  to  wliicli  that  ship  and  the  other  three 
deckers,  the  "Formidable"  and  the  "Namur,"  so  greatly  con- 
tributed. By  what  meaos  then  had  the  "  Duke,"  iu  the  previous 
years,  been  completed  with  these  important  implements  ?  By 
Sir  Charles  Douglas,  out  of  his  own  t'uuds  and  by  Iiis  own  ener- 
gies :  he  bougrht  a  sufficient  nnniber  of  common  mnsket-locks, 
which,  being  let  into  pieces  of  wood,  aa  into  the  stock  of  a 
musket,  might  then  be  fastened  with  iron-wire  to  the  guns.  He 
purchased  flannels  sufficient  to  make  bottoms  for  paper-car- 
tridges, goose-quills  for  tubes,  and  the  ingredients  necessary  to 
fill  and  prime  them. 

On  Sir  Charles  Douglas's  appointment  to  be  Captain  of  the 
Fleet,  he  was  succeeded  in  the  command  of  the  "  Duke  "  by 
Captain,  afterwards  Lord  Ganlner ;  and,  in  the  battle  of  the 
ensuing  year,'  the  quick  and  efficient  firing  of  that  ship  was  so 
conspicuous  and  powerful  as  to  enable  the  gallant  Gardner  to 
widen  the  gap  which  his  leaders  had  made  in  the  enemy's  line, 
and  so  open  the  way  for  Rodney  to  paisa  to  a  memorable  victory. 
That  glorious  day  settled  the  question  of  the  locks,  by  beaiing 
down  all  fiuiher  opposition  to  the  introduction  of  improvements 
which  the  prejudices  of  the  time  deemed  useless  and  unnecessary 
refinements ;  but,  that  battle  having  likewise  put  an  end  to  the 
maritime  part  of  the  war,  no  measures  for  the  supply  of  locks 
to  naval  ordnance  appear  to  have  been  taken  till  1790,  when 
"  brass  locks"  of  a  new  pattern  were  provided,  and  continued  in 
general  use  tliroughout  the  late  war.  These  no  doubt  contri- 
buted greatly  to  the  efficiency  of  our  practice,  to  the  accuracy 
and  rapidity  of  which  all  French  authors  attribute  the  supe- 
riority of  our  gunnery  in  the  actions  and  battlerS  of  the  early 
part  of  the  wtu",  the  French  not  having  adopted  locks  till  1800. 

488.  The  flint-locks  of  tlie  pattern  of  1790  remained  in 
general  use  till  1818,  «hcn  the  double -flhiteii  lock,  likewise 
adopted  by  the  Freuch,  of  the  author's  invention,  a  drawing  of 
which  was  given  in  the  fonucr  eihtions  of  this  work,  ivas  ordered 
for  general  use  in  the  navy. 


•  An  analytical  and  tactical  account  of  tljat  celebraltiil  anil  remarkable 
Inttie,  12th  of  April,  17812,  will  be  founil  la  the  author's  work  entitled,  'Naval 
Evulnlions,'  rii  which  the  mnnicuvro  by  which  that  great  victory  was  gained 
is  fiilly  describod.     Bootic,  1832. 
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Having  thus  been  the  means  of  introducing  improved  cannon- 
locks  into  the  naval  service,  and  strongly  convinced  of  the  very 
great  importance  of  applying  locks  to  all  land-service  artillery, 
whether  field,  siege,  or  garrison,  the  author  addressed  to  the 
Master-General  and  Board  of  Ordnance  (in  1817),  a  recom- 
mendation to  that  effect  in  the  same  paper  in  which  he  proposed 
the  improved  double-flinted  locks  for  general  adoption  in  the 
navy.  But  the  Board  of  Ordnance  not  having  come  to  any 
decision  on  that  proposition,  in  conveying  to  the  author  their 
approval  of  the  other  (in  a  letter  to  the  author,  dated  Jan,  1(>, 
1818),  he  resolved  to  endeavour  to  procure  support  in  the  prose- 
cution of  his  plan  by  consulting  officers  of  greater  experience 
and  authority,  and,  in  the  event  of  their  judgment  coinciding 
with  his,  to  press  the  subject  on  the  reconsideration  of  the 
Board  with  all  the  energy  in  his  power.  He  accordingly  trans- 
mitted a  copy  of  his  proposition  to  his  gallant  friend  and 
associate  the  late  Sir  Alexander  Dickson,  an  officer  eminently 
qualified  by  his  great  experience,  knowledge,  and  talent  to  pro- 
nounce authoritatively  upon  all  matters  connected  with  artillery 
service,  and  received  in  reply  the  letter  printed  in  the  subjoined 
note.* 


■  "  Valenciennes.  20tli  April,  1818. 

**  My  Dear  Sir  Howard, — Having  fully  considered  the  matter,  1  feel  much 
pleasure,  in  compliance  with  your  wish,  in  being  able  to  state  that  your  pro- 
Xx>sals  for  the  more  extended  use  of  locks  coincide  in  the  most  essential  pointa 
with  my  own  ideas  on  the  subject. 

"  The  use  of  locks  with  heavy  ordnance,  particularly  in  the  operations  of  a 
siege,  presents  very  great  advantages  ;  for  by  the  employment  of  slow-match 
only  the  fire  is  frequently  retarded,  and  nothing  can  be  more  dangerous  than 
lighted  portfires  in  a  battery.  1  have  seen  several  very  shocking  accidents 
occasioned  by  the  use  of  them,  owing  to  the  want  of  presence  of  mind  of  the 
•maimer  having  the  portfire  lighted  in  his  hand  at  the  moment  of  a  shell  falling 
near  him.  In  the  sieges  I  have  directed  I  have  ever  prevented,  as  much  as  in 
my  power,  the  use  of  portfires  ;  but  Ciudad  Rodrigo  was  the  only  operation  in 
which  I  was  fully  successful  in  this  respect ;  and  it  was  to  the  help  of  about 
sixteen  or  twenty  naval  gun-locks,  in  addition  to  the  slow-match  used,  that  I 
,  was  indebted  for  the  vigorous  fire  kept  up  in  that  attack.  1  trust  in  future, 
therefore,  that  in  all  siege  equipments  each  piece  of  ordnance  will  be  supplied 
with  a  lock,  the  use  of  which,  under  every  circumstance,  except  in  heavy  rain, 
would  sujxjrsede  the  portfire,  which  in  the  very  confined  situation  of  a  land- 
battery,  and  where  much  i>owder  is  in  circulation,  is  so  dangerous. 

"  In  the  operation  of  defence,  also,  the  same  argum(?nts,  in  a  great  degree, 
hold  good  in  favour  of  locks ;  and  they  are  truly  valuable  in  coast-batteries, 
and  in  all  night-firiijg. 

"  With  respect  to  their  being  applied  to  artillery  in  the  field,  I  am  convinced 
that,  with  a  tube  such  as  you  describe,  locks  would  l>e  of  infinite  service  with 
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Supported  by  that  distiog^uiahed  officer,  the  author's  propo- 
sition received  fovourable  consideration,  and  would  then  have 
been  carried  into  effect  had  not  financial  and  other  considera- 
tions rendered  it  inexpedient  to  provide  forthwith  the  necessary 
supply  of  locks.  Subsequently,  the  discovery  of  the  percuBsion 
principle  having  been  made,  the  author,  in  1851,  reverted  to  his 
proposition  of  1817,  under  a  still  stronger  conviction  of  the 
great  importance,  or,  it  may  well  be  said,  of  the  pressing  neces- 
sity, of  this  tneasure  in  the  present  improved  state  of  artillery 
science  and  gunnery  practice.  This  equipment  is  bo  forcibly 
urged  in  Sir  Alexander  Dickson's  It-tter  with  respect  to  field 
and  siege  artillery,  that  nothing  need,  or  conld  be  said,  to  add 
to  the  weight  of  that  testimony,  whilst  much  that  has  been  stated 
in  the  course  of  this  work  on  the  vast  importance  of  the  percus- 
sion lock  and  tube  in  firing  at  ships  in  motion,  applies  strongly 
to  the  necessity  of  providing  these  means  of  procuring  a  more 
instantaneous  explosion  to  all  guns  in  coast-batteries,  which, 
though  at  rest  themselves,  will  have  to  fire  at  moving  objects, — 
ships  advancing,  in  continued  change  of  distance  and  position, 
t*»  that  proximity  which  they  must  attain  to  attack  batteries  or 
fortresses  with  effect, — and  particularly  in  firing  at  steam- vessels, 
running  at  full  speed  across  the  line  of  fixe  of  a  battery,  instead 
of  stopping  to  engage  it  in  its  strongest  direction.  In  tliis  case 
coast-battery  gims  will  be  required  to  "  shoot  flying "  (Art. 
499),  but  they  will  have  little  chance  of  hitting  active  steamers 
at  considerable  distances,  unless,  in  aiming  the  gun,  allowance 
be  made  for  tlie  distance  the  steamer  moves  in  the  time  elapsed 
between  the  firing  of  the  gun  and  the  shot  striking  the  object ; 


field-gQuB  in  ordiiuiiy  diiLies,  such  as  reviews,  firiDg^ercises,  and  saIuIob,  and 
in  all  real  «orvicc,  when  not  too  closely  engaged.  The  effect  of  the  lock  being 
sufficiently  certain  in  Uiese  situations,  the  saving  of  portfires  would  be  great, 
and  there  would  be  far  less  risk  when  in  action  amongst  ripe  com,  dry  grass 
ill  villnges,  or  amongst  houses ;  for  the  setting  fire  to  a  country  more  generally 
arises  Irora  cutting  the  paitlire  than  from  the  discharge. 

"  In  concluding,  I  have  to  obaervp  that  I  do  not  mean  to  rcaolvo  the  question 
merely  into  one  of  economy,  as  I  deem  it  on  most  occasions  an  effectual  sim- 
plification of  monisuTre  by  saving  the  trouble  of  ccntinualiy  lighting  and 
cutting  |X)rtflrcB,  at  the  aame  time  alTording  the  means  of  Bring  with  celerity 
at  moving  objects. 

"  I  remain,  my  dear  Sir  Howard,  Ac.  &c. 

(Signed)  "  A,  Diokson, 

■•  Culonel  Bit  HowiibI  Dongk.,  BbtL 
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in  fact,  luiloas  tlie  action  of  the  lock  and  tube  be  so  quicl;  as  to 
produce  the  most  iiiBtantaneous  possible  discharge,  the  chances 
of  hittinfr  in  such  sliooting  will  be  very  remote. 

489.  This  important  manner  of  igniting  tlie  charge  was  first 
attempted  by  fixing  the  lock  to  the  ventfield,  out  of  the  way  of 
the  explosion  from  the  vent  For  this  piu|)OBe,  it  was  necessary 
to  make  the  tube  of  a  rectangular  form,  bo  that  one  part  might 
receive  the  percussion  of  the  cock,  and  tlie  other  part  convey 
ignition  to  tlie  charge.  This  eonstructiou  was  found,  however, 
to  bo  so  sluggish  as  not  to  accomplish  the  great  desideratum  in 
naval  gunnery,  wliich  is,  that  the  firing  of  the  charge,  and  the 
actual  delivery  of  the  shot  from  the  gun,  shall  take  place  as 
quickly  as  possible  after  puUiiig  the  trigger-line,  in  order  that 
there  may  be  little  time  for  any  alteration  to  take  place,  from 
the  motion  of  the  ship,  in  the  aim  of  the  gun.  Thus  it  was 
necessary  to  devise  some  means  by  which  the  hammer,  after 
having  struck  fairly  upon  Ae  head  of  the  tube  placed  in  the 
vent,  should  instantaneously  slip  or  be  drawn  aside,  so  as  to  be 
out  of  the  way  of  the  explosion  through  the  vpnt.  Various 
modes  of  effecting  this  have  been  devised  in  the  British  and 
in  otlier  naval  services,  but  the  most  efficient  and  simple  imple- 
ment of  tliia  nature  is  that  which  was  invented  by  an  American 
named  Hidden,  and  patented  in  1842."  The  hammer  was,  bow- 
ever,  modified  and  improved,  so  as  to  be  stronger  and  better 
suited  to  the  locks  in  use  in  this  country,  by  Colonel  Dundas, 
Inspector  of  Artillery,  to  whom  the  service  is  so  much  indebted 
P,g_g^  for  his  management  of 

1  that  important  departs 
mcnt,  to  which  ho  was 
appointed  in  1S39. 

The  hammer  A  (fig, 
G2),  which  is  of  wrought 
iron  of  good  quality,  is 
fixed  iJito  a  block  or 
joint  of  gun-mefal  by 
means  of  a  pin  a,  and 
a  slot  is  made  in  the  hammer  to  admit  of  a  back  motion.     The 

'  Ordnftuoe  Memoranda.     '  Naval  Percussion  I.ocka,'  by  Lieut.  DahlgToi, 
U.  S.  Navy,  Assistant  Inspector  of  Ordnance. 
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hammer  falls,  by  its  own  gravity,  upon  the  vent,  on  the  lanyard 
B  C  being  ptilled,  when,  being  liberated  from  the  larger  part  of 
the  slot  in  which  it  is  made  to  tuiii,  it  instantly  shifts  or  passes 
away  by  the  continued  action  of  the  lanyard,  which  pulls  it 
from  its  first  position  directly  over  the  vent,  as  shown  by  the 
black  lines  at  A'  in  the  figure.  The  weight  of  the  hummer  is 
3A  11.3. 

490.  This  lock,  though  extremely  ingenious  and  advantageous 
from  the  simplicity  of  the  contrivance  by  which  the  hammer, 
having  performed  its  office,  is  drawn  back  from  the  top  of  the 
vent  by  the  same  force  which  causes  it  to  strike  the  tube,  is  not 
BO  quick  in  its  action  as  it  might  be  if  the  motion  were  produced 
by  a  spring.  The  hammer,  as  will  be  perceived  in  the  figurei 
has  a  considerable  space  to  pass  through  ere  its  face  strike  the 
tube  at  J,  The  motion  has  to  be  generated  by  the  pull  of  a 
line,  which  changes  its  direction  by  passing  round  a  small  axis ; 
and,  ha\'ing  a  very  small  leverage  at  the  beginning  of  the 
motion,  it  reqiures  a  strong  and  continued  pull  to  produce  a 
smart  blow  and  instantly  draw  the  hammer  back.  This  lock 
refpircB  a  much  stronger  jerk  than  the  common  spring  flint- 
locks. The  hammer  has  to  beat  down  the  head  of  the  tube,  and 
if  the  pull  is  not  strong  and  continued,  the  tube  is  not  exploded. 
It  has  been  found  in  exercise  that,  in  nine  times  out  of  ten, 
tubes  supposed,  from  not  having  exploded,  to  be  defective,  will 
act,  on  repeating  the  trial,  with  a  stronger  jerk,  which  shows 
the  failure  to  have  arisen  from  the  capt^ain  of  the  gun  not  having 
pulled  with  sufficient  force.  It  appears,  therefore,  that  a  lock 
constructed  upon  this  principle,  with  respect  to  the  dot,  in  which 
the  hammer  may  be  made  to  act  by  means  of  a  spring  instead  of 
a  pull,  would  be  very  advantageous,  the  strength  of  a  spring 
fully  sufficient  to  produce  the  desired  effect  being  constant ;  but 
the  adoption  of  tlie  friction-tube  is  likely  now  to  supersede  any 
improvement  that  might  have  been  expected  fi^m  the  use  of  a 
spring  for  igniting  the  percussion-tube,  and  a  description  of  it  is 
tliereibre  annexed  in  the  note  below." 


•  The  "  fricljoii-tube  "  invenlej  by  Captain  Boxer,  R.A.,  by  which  the  in- 
stantaneous i(^tion  of  the  charge  is  aow  obtained,  is  made  of  ixipix:!  Tor  Brld' 
service  and  with  a  quill  for  the  navy.  It  is  filled  in  the  sanie  manner  as  the 
ordinary  percussioa-tube :  having  a  small  porljon  of  detJ^naliag-conipotrition  in 


464 


NAVAL  GUNNERY. 


Part  IV. 


Fig.  63. 


On  the  rapidity  of  the  action  of  the  tubes,  the  promptitude  of 
the  delivery  of  the  shot  greatly  depends.  Hence,  the  smallest 
reduction  of  the  time  elapsed  between  the  striking  of  the  lock 
and  the  actual  exit  of  the  shot,  is  of  vast  moment  in  naval 
gunnery;  and  every  means  which  may  contribute,  in  the 
slightest  degree  to  an  approximation  towards  the  contempora- 
neous action  of  the  lock  and  the  tube,  cannot  be  too  much 
attended  to. 

491.  In  the  French  locks  (Gg,  63),  the  hammer  A  falls  over 
the  lock,  but  there  is  no  mechanical  arrangement  for  removing 

or  drawing  it  aside ; 
and  the  fluid  which 
escapes  by  the 
vent,  throws  the 
hammer  back  with 
violence  upon  the 
support  or  crutch 
e,  which  has  a 
leathern  cushion 
to  break  tlie  blow. 
The  whole  is  of 
gun-metal,  with  the  exception  of  the  centre-pin,  the  ring-bolt  d, 
through  which  the  lanyard  passes,  and  the  sliding-bar  a.  The 
last  is  intended  to  cover  the  head  of  the  tube  from  rain  or  the 
spray  of  the  sea,  until  just  before  the  hammer  can  strike  it : 


the  upper  part,  through  which  is  rove  a  rough  strip  of  copper,  with  an  eye  at 
one  end  to  take  the  hook  of  the  trigger-line ;  the  other  end,  which  projects  on 
the  opposite  sid^  of  the  tube,  being  protected  by  a  covering  of  leather.  The 
mctliod  of  firing  is  as  follows : — the  head  of  the  tube  is  supported  by  a 
mct'il  crutch  with  a  slotway  in  rear  of  the  vent  to  admit  the  eye  of  the 
copper  bar,  to  which  the  trigger-line  is  hooked.  The  friction  arising  from  the 
withdrawal  of  the  bar  ignites  the  tube. 

In  order  to  prevent  accidental  ignition,  there  is  a  loop  in  the  trigger-line 
about  a  foot  from  the  hook,  which  is  placed  over  a  metal  cleat  fixed  to  the 
breech  while  the  gun  is  being  laid  for  the  object,  and  removed  as  soon  as  the 
elevation  has  been  correctly  obtained. 

The  detonating-hammer  striking  over  the  vent  and  receding  clear  of  it 
from  the  same  pull  of  the  trigger-line  is  still  retained  in  the  naval  service ; 
but  a  supply  of  friction-tubes  is  also  issued  to  each  ship,  for  the  purjx)se  of 
rejxjrting  how  they  act  under  all  circumstances,  and  in  every  variety  of 
climate ;  and  there  seems  no  doubt  of  their  ultimately  suix?rscding  the 
de  tona  ting-locks. 
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the  cover  is  drawn  away  by  the  action  of  the  '  d<^ '  b  on  tho 
rack  e.     The  total  weight  of  the  lock  is  7  J  Iba. 

492.  In  the  first  percussion-lock  which  was  need  in  the  United 
States'  service,  the  coclc  Btruck  directly  over  the  vent,  and  being 
instantly  thrown  upwards,  it  was  retained  in  a  poBition  clear  of 
the  blast  from  the  vent  It  sti-Qck  on  a  percusBion-patch,  and 
there  was  nothing  between  the  cartridge  and  the  fulminating- 
]K)wder.  It  is  said  that  powder  had  been  ignited  by  the  stroke 
when  enveloped  in  seven  folds  of  flannel,  and  even  through 
seven  cartridges  inclosing  the  charge,  in  a  32-pounder  gun. 
The  action  of  this  lock  was  iiistantaneoua ;  and,  if  it  had  stood 
the  work  well,  it  woidd  have  been  considered,  perhaps,  the  beet 
percussion  spring-lock  that  has  been  produced ;  but  it  was  found 
that  the  mode  of  getting  the  cock  out  of  the  way,  by  causing  it 
to  be  thrown  violently  upwards,  did  not  stand  repeated  firings, 
and  was  otherwise  liable  to  considerable  objections.  In  a  sub- 
sequent contrivance,  tho  cock,  instantly  on  striking,  was  thrown 
aside  by  the  expansion  of  a  spring  acting  horizontally,  which  in 
the  act  of  cocking  had  been  compressed.  The  author  has 
witnessed  numerous  exercises  in  which  the  activity  and  efficiency 
of  this  lock  wore  proved,  and  it  is  beUeved  to  be  still  in  use  in 
the  navy  of  the  United  States. 

493.  The  cannon-lock,  lately  used  in  the  naval  service  of 
Holland,  consists  of  a  hammer  acted  upon  by  the  pull  of  a 
trigger-line.  From  the  translation  of  tho  author's  *  Naval 
Gunnery,'  by  Captain  Gobius  of  the  Dutch  Navy  {now  Deputy- 
Minister  of  Marine),  which,  by  the  addition  of  footruotes  and 
other  matter,  has  been  adapted  to  the  purpose,  it  appears  that 
tlie  cannon-lock  now  used  in  that  navy  (see  fig,  1,  plate  III., 
Giobiua's  translation)  is  exactly  of  the  same  pattern  as  the 
French  lock.  A  lock  of  a  different  construction  baa  since  been 
introduced  for  trial  in  Holland.  It  is  placed  on  one  side,  and 
somewhat  above  the  vent  percussion-patch,  and  has  a  brass  tube 
directed  obliquely  to  the  vent,  so  that  the  explosion  of  the  per- 
cussion-tube is  thrown  obliquely  into  the  vent,  from  which  it  is, 
however,  so  far  distant  tlmt  tlie  rush  of  fire  from  the  vent  passes  .. 
clear  of  the  tube.  These  locks  act  with  great  quickness  a' 
force ;  and  the  captain  of  the  frigate  in  which  the  effects  wt 
exhibited  at  Portsmoutli  in  1850.  said  they  very  rarely  misset 
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494.  The  Dutch  lock  resemblee  very  nearly  that  wbicli  has 
been  in  general  use  for  eome  years  in  the  AuBtrian  naval 
service;  but  the  action  of  tlie  hammer  is  produced,  in  the 
Austrian  lock,  by  a  spring.  The  lock  ia  placed  on  one  side 
just  clear  of  tlie  vent,  but  in  a  plane  inclined  from  the  vertical. 
Thus  the  cock  acts  in  that  plane  upon  a  tube  which  is  placed 
in  a  hole  at  the  bottom  of  the  pan  of  Uie  look,  and  enters  with 
oqual  obliquity  into  tlie  vent,  which  is  enlarged  a  little  to  the 
rif^t.  ITio  lock  acts,  as  the  autlior  has  repeatedly  witnessed, 
ivith  activity  and  certainty. 

4!)5.  Ill  the  Danish  navy  the  action  of  the  hammer  is  pro- 
duced by  hand  (see  fig.  31,  pi.  XII.,  '  Danish  Kaval  Gunnery,'  by 
Captain  Michelson,  an  instructive  and  important  work) ;  but 
the  mode  in  which  the  trigger-line  is  made  to  act  permits  the 
action  to  be  quicker  than  in  the  English  lock. 

4!lfi.  Same  very  interesting  experiments  were  made  at  Bom- 
Iwy  in  1S44  and  1845,  on  a  proposition  made  by  Major  Jacob 
of  the  Bombay  Artillery,  to  apply  nipples  and  percussion-caps 
to  land  and  sea  service  ordnance  in  the  same  manner  as  they 
are  applied  to  other  fire-arms. 

The  nipples  used  in  the  experiments  were  of  the  flat  kind, 
raised  about  J  of  an  inch  above  the  line  of  sight  of  the  'guu, 
with  a  vent  only  large  enougl)  to  admit  a  6-poundcr  gun-bit 
and  priming-wire,  and  were  made  with  a  screw  end  about  J  an 
inch  long  and  ^  an  inch  in  diameter,  to  screw  into  the  vent  of 
the  gun.  Caps  containing  various  quantities  of  fulminate  were 
used,  viz. : — 

t.3S  giainH  of  fulminate,  or   ii  timea  'i 


All  the  rounds  from  both  pieces  were  fired  without  tlie  cart- 
ridge being  pricked :  we  shoidd  not,  however,  recommend  tlie 
pricking  being  discontinued,  for  even  (vith  perfectly  efficient 
caps,  we  think  pricking  desirable  as  a  proof  of  the  cartridge  being 
home ;  but  tliis  process  was  dispensed  with  purposely  to  test  the 
[K>wer  of  the  caps  in  firing  the  charge  tlirough  the  serge  bag. 

No  instance  of  a  cap  jiying  occurred :   this  result  was,  no 
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rloiibt,  attributable  to  the  enperior  quality  of  the  cfippcr  used ; 
and  tlie  fact  is  stated  in  order  to  remove  any  apprehension  of 
<langer  irom  the  large  charge  of  fulminate  used  in  each  cap, 

The  Committee  appointed  to  superintend  the  experimentB 
expressed  a  decided  opinion  that  Major  Jacob's  proposition  liad 
been  verified  by  experiment,  and  that  the  introduction  of  per- 
cuasion-caps  to  heavy  and  light  ordnance  (for  tlie  land-acrvice 
at  least)  will  supersede  the  use  of  matches,  portfires,  tubes, 
priming-powder,  &c. ;  from  which  will  result  economy,  both  as 
to  expense  and  space,  while  there  will  be  gain  as  to  rapidity 
and  certainty  of  flre,  and,  at  the  same  time,  mucli  of  the  dangi'r 
attending  the  ordinary  mode  of  firing  guns  by  priming-powder 
will  be  avoided, 

497.  The  experimente  made  at  Bombay  on  Major  Jacob's 
propositions  are  extremely  interesting,  and  are  worthy  of  prose- 
cution in  this  country.  No  doubt,  many  objections  and  diffi- 
culties stand  in  the  way, — such  as  interfering  with  the  sight, 
reducing  the  diameter  of  the  vent,  and  countersinking  the 
nipple  into  the  gun.  No  32-pounder  gun  fired  in  the  ordinary 
way  is  found  sen'iceable  after  250  rounds  have  been  fired  from 
it ;  whereas  it  appears,  by  the  reports  of  experiments  ivith  steel 
nipples  and  percussion-cape,  that,  after  3(R)  rounds  were  fired 
from  an  iron  32-pounder  gun  of  56  cwt,,  with  10-lb.  chai-ges, 
the  vent  of  the  gun  remained  uninjured,  though  the  nipple  was 
countersunk  only  -^  of  an  inch,  and  consequently  o*^cupied  a 
very  small  portion  of  the  channel  of  the  vent. 
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498.  In  the  practice  of  naval  gunnery  it  is  most  particularly 
important  that  the  actual  delivery  of  the  charge  from  the 
cylinder  of  the  piece  should  follow  as  instautaueously  as  possible 
the  action  of  the  lock ;  for  whilst  the  object  aimed  at  is  con- 
tinually changing  its  relative  position,  the  direction  of  the  gun 
is  varying  so  rapidly  tliat  if  the  medium  wliich  is  to  convey 
ignition  to  the  chaise  act  not  very  smartly,  the  elevation  of  the 
shot's  departure  may  be  two  or  three  degrees  above  or  below 
that  at  which  the  gim  was  pointed  when  the  trigger  was  pulled. 
The  nature,  quality,  and  care  of  tubes  and  priming,  therefore, 
2  H  2 
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are  considerations  wMoh  may  justly  be  reckoned  ns  most  par- 
ticularly afifecting  the  efficiency  of  practice ;  and  the  most 
minute  differences  that  can  he  detected,  by  the  nicest  means, 
in  the  progress  of  explosion,  should  be  allowed  decisive  weight 
in  judging  and  selecting  the  medium  to  be  used.  For  suppose 
a  vessel,  in  action,  be  rolling  eight  degrees,  performing  each  roD 
in  ahout  four  seeonda  of  time :  when  the  nature  or  condition  cf 
the  tube  and  priming  is  defective  or  bad,  it  will  very  frequently 
happen  that  an  interval  of  one  second  of  time,  and  sometimes 
considerably  more,  will  take  place  between  the  pulling  of  tlie 
trigger-line  and  the  discharge  of  the  piece ;  and  in  tbat  time 
the  elevation  of  the  gun  would  alter  two  degrees!  "With  any 
uncertain  or  sluggish  action  of  this  nature,  therefore,  it  is  use- 
less to  expect  much  accuracy  of  effect,  even  with  the  best 
trained  men,  and  with  all  otlier  means  perfect  (Arts.  488, 480), 

499.  In  every  case,  when  there  is  much  motion  (and  there 
will  be  a  great  deal  more  in  stJam-propelled,  than  in  sailing 
ships),  the  shot  will  not  be  delivered  from  the  cylinder  till  its 
direction  is  altered,  more  or  less,  from  that  in  which  the  piece 
was  pointed  when  the  trigger  was  pulled.  It  is  therefore  not 
only  vastly  important  to  use  those  means  that  are  best  calcu- 
lated to  produce  the  most  instantaneous  discharge  possible,  but 
also  to  consider  which  direction,  and  wliat  particular  part  of  a 
vessel's  motions,  are  most  favourable  for  firing  the  ordnance 
with  the  greatest  prospect  of  effect — whether  to  fire  on  the 
weather  or  lee-roll, — and  at  what  particular  stage  or  crisis  of 
the  motion.  A  steam-propelled  vessel,  being  agitated  by  rolling 
and  pitching  motions,  and  often,  as  in  a  cross  sea,  by  both  com- 
bined, accompanied  also  by  sudden  and  violent  jerks,  will,  much 
more  tlian  a  sailiiig-vessel,  try  the  skill  and  tact  of  the  gunner ; 
in  whom,  both  for  shot  and  shell  firing,  is  required  the  greatest 
promptitude  of  perception,  while  the  utmost  intensity  in  the 
action  of  the  lock,  and  vivacity  in  the  action  of  the  tube,  are 
no  leas  necessary.  These  are  very  important  considerations  on 
wliieh  the  author  would  rather  invite  discussion  than  pronounce 
any  positive  doctrine.  He  will,  however,  state  his  opinion, 
noticing  at  the  same  time  what  may  be  advanced  against  it. 

500.  In  close  action,  in  smooth  water,  it  is  not  perhaps 
material  whether  the  ordnance  he  fired  with  or  against  the  roll, 
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provided  the  captains  of  guns  jadge  correctly  how  mHch  their 
pieces  should  be  pointed  above  or  below  the  part  intended  to 
be  hit ;  but  wlien  there  ia  much  swell,  it  is  by  no  means  in- 
different which  of  these  motions  shoidd  bo  preferred,  nor  what 
modifications  should  be  admitted  for  particular  cases,  in  any 
general  maxim  that  may  be  established  on  this  subject ;  and 
this  we  shall  now  endeavour  to  ahow.  The  rule  generally  laid 
down  for  observance  in  action  is  to  fire  when  the  vessel  is  nearest 
on  ail  even  keel — that  is,  upright;  and  always  to  prefer  a  fall- 
ing side. 

501.  To  deal  with  coi^iderations  respecting  the  rolling 
motions  only,  we  shall  suppose  the  vessel  to  have  the  wind  on 
the  beam ;  for  if  hauled  upon  a  wind,  the  motion  woidd  be  com- 
pounded of  rolling  aud  pitching,  by  the  vessel  la}'ing  across  the 
swell.  Now  a  vessel  under  sail,  with  the  wind  aa  described,  is 
nearest  upright  at  or  near  the  end  of  the  roll  to  windward. 
Were  it  not  for  the  action  of  the  wind  on  the  sails,  she  would 
be  upright  when  she  comes  to  tlic  top  of  a  wave ;  but  this  is 
not  the  case  in  a  smart  breeze,  because  it  requires  some  degree 
of  counteracting  power  from  the  swell,  as  the  vessel  sinks  upon 
a  wave,  to  compensate  for  the  heel  occasioned  by  the  wind. 
In  a  heavy  swell,  however,  a  vessel  will  roll  to  windward  con- 
siderably beyond  the  upright  position ;  but,  iu  stating  a  case 
proper  for  action,  we  should  not  suppose  the  sea  to  be  so  rough 
as  to  make  the  vessel  incline  much  to  windward.  Now  a  vessel 
brought  to  that  momentary  pause  which  takes  place  on  the  ter- 
mination of  the  woather-roll,  just  before  she  begins  to  feel  the 
rising  influence  of  the  next  coming  wave,  must  be  in  the  hollow 
or  trough  of  a  sea ;  and  in  such  a  position  will  have  a  lees  com- 
manding view,  and  prise  of  her  enemy,  than  if  he  were  seen 
from  the  top  of  a  wave.  This  preliminary  observation  may, 
perhaps,  be  considered  sufficient  to  show  that  the  maxim  of 
firing  when  the  vessel  is  on  an  even  keel  should  not  be  too 
generally  or  absolutely  enforced:  and  having  submitted  this, 
we  may  proceed  to  consider  the  important  question  that  results 
naturally  from  it  — whether  it  is  most  advantageous  to  fire  with 
a  rising  or  with  a  falling  side. 

502.  A  vessel  engagiuf;  to  leoward — that  is,  fighting  her 
weather  side— must  be  in  the  trough  of  asea  when  tho  side  en- 


I 


470  NAVAL  OUNNERT.  Paht  IV. 

gaged  begins  to  rise ;  and  whilst  it  is  rising  she  must  lie  per- 
forming a  lee-roU.  The  disadvantage  of  firing  from  the  hollow 
between  two  waves  having  dlready  been  shown  in  the  preceding 
aiticlo,  tho  inexpediency  of  firing  at  the  beginning  of  the  rising 
motion  is  also  proved,  for  the  one  ensues  immediately  from  the 
other ;  and  a  very  material  objection  to  the  practice  of  firing 
daring  any  part  of  tho  rising  motion  comes  from  this — that  the 
lee-slope  of  a  wave  being  always  more  abrupt  or  steep  than 
the  weather  side,  the  change  which  takes  place  in  a  vessel's 
position  in  making  a  lee-roll,  accelerated  and  increased  by  the 
action  of  the  wind,  is  much  more  rapid  than  in  rolling  to  wind- 
ward; and  consequently  the  direction,  or  elevation,  of  the 
ordnance,  will  in  this  case  bo  much  more  quickly  and  consider- 
ably disturbed  in  firing  with  tho  rising  than  the  falling  motion. 
It  appears,  therefore,  that  in  fighting  the  weather-side,  we 
should  prefer  to  fire  at  the  pause  immediately  before  tho  com- 
mencement of  the  declining  motion  or  weather-roll  (unless  tho 
vessel  heel  so  considerably  as  to  incur  danger  from  tho  increased 
action  of  tho  recoil),  because  tho  ship  being  then  on  the  top 
of  a  wave,  will  command  a  better  view  of  the  enemy,  and  the 
declining  motion  will  be  operating  to  lessen  tho  slope  in  the 
direction  of  the  recoil. 

503.  In  fighting  to  windward,  some  of  these  arguments  are 
reversed.  The  declining  motion  of  the  side  engaged  is  then  a 
lee-lurch,  and  at  the  commencement  of  that  motion  the  vessel 
must  bo  in  the  trough  of  tho  sea.  We  should  therefore  so  far 
modify  the  maxim  already  suggested  eis  to  fire  at  tho  end  of  the 
falling  motion  of  the  fighting  or  lee  side,  when  the  vessel  comes 
to  the  top  of  a  wave,  so  that  the  actual  discliarge  may  not  take 
place  after  the  pause  which  attends  the  change  of  motion. 

504.  But  modifications,  governed  by  various  cirounstances, 
should  be  made  in  all  such  masims.  If,  in  the  first  case  (fight- 
ing tlie  weather-side),  a  ship  be  heeling  under  tho  infiuence  of 
a  strong  breeze,  her  guna,  fired  at  the  commencement  of  the 
declining  motion,  or  at  the  pause  which  precedes  it,  will  nish 
in  with  such  violence,  from  the  inclination  of  the  deck  being  in 
the  direction  of  the  recoil,  that  tho  breechings  and  riiig-boltH 

.will  freijucutly  be  incaiHible  of  resirting  so  severe  a  shock,  par- 
ticularly when  the  guus  arc  loaded  with  two  shot ;  and  in  such 
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caaea,  coneequently,  the  ordnance  should  not  be  fired  till  the 
declining  motion  be  partly  performed :  thns  observing,  in  prin- 
ciple, the  maxim  to  prefer  firing  witli  a  falling  side.  'ITie  rule 
is  so  for  modified  in  practice,  that  in  fighting  the  weather-giins 
they  should  be  laid  so  as  to  bear  upon  tho  opponent  when 
the  ship  comes  up  to  within  1"  of  tho  extreme  of  the  weather- 
roll;  and,  in  fighting  tho  lee-gmis,  to  lay  tliem  so  tliat  they 
shall  bear  when  the  aliip  lias  mmio  a  portion  of  about  1°  of  tlie 
lee-roll  from  its  commencement.  In  both  eases  this  insures 
that  the  roU  of  the  ship  is  sufficient  to  bring  tho  guns  to  hear  at 
a  timo  when  the  rapidity  of  the  rolh'ng  motion  has  been  reduced 
by  tho  action  of  the  wind ;  and  also  that  the  guns  are  laid  moro 
nearly  parallel  to  the  plane  of  the  deck — an  important  point 
which  has  not  been  sufficiently  considered.  When  guns  are 
mnch  depressed,  relatively  ^^-ith  tho  plane  of  tlio  decit,  it  re- 
quires very  great  experience  and  tact  on  the  part  of  the  captain 
of  the  gun  to  fire  it  accurately  at  the  proper  moment ;  for  un- 
less he  bo  a  very  tall  man  he  cannot  look  over  tho  gim,  at 
the  full  extent  of  the  trigger-line,  when  tho  breech  is  much 
elevated ;  and  if  tho  gun  ia  fired  at  this  great  depression,  with 
respect  to  the  piano  of  the  deck,  he  is  endangered  by  the  rapid 
and  heavy  recoil,  and  great  strains  are  moreover  occasioned  to 
the  breechings  and  bolts. 

Again,  when  the  Ice-guns  have  much  elevation,  with  respect 
to  the  plane  of  the  deck,  a  somewhat  similar  inconvenience  ia 
experienced,  though  in  reverse  order,  by  the  captain  of  the  gun 
having  to  bring  his  eye  down  almost  to  the  level  of  the  deck  to 
look  over  tho  gun ;  and  when  it  ia  fixed  in  that  position,  the 
recoil  being  up  the  very  great  inclination  of  the  deck,  may  not 
be  sufficient  of  itself  to  bring  the  gun  eufiiciontly  inboard  for 
loading. 

For  those  reasons  the  mo<1ification  suggested  at  p.  239,  in  the 
second  edition  of  tlds  work,  in  fighting  tho  lee-guns,  is  made 
general,  namely,  to  firo  at  the  end  instead  of  the  comraencement 
of  the  declining  motion,  although  the  vessel  must  then  bo  noarly 
in  the  trough  or  hollow  between  two  waves ;  for  it  very  seldom 
tiappens  to  a  ship,  and  particularly  a  latge  ship  carrying  her 
metal  high,  to  be  in  action  in  so  hca^-y  a  sea  as  not  to  havi'  a 
fair  view  of  her  opponent  imder  such  circumstances. 
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505.  It  may  not  be  improper  here  to  n^mark  tliat  the  breeeh- 
iiiga  of  uaral  ordnance,  in  frigates  partienlarly,  are  in  general 
considered  too  weak ; '  and  as  those  on  the  gim-deck  are  soon 
damaged  by  being  continually  wet,  it  is  very  essential  always  to 
have  spare  breechinga  ready  fitted,  and  to  exercise  the  people 
frequently  to  shift  them  quickly.  Carronades  should  always  bo 
fitted  for  action  with  second  breeching  (see  Art.  124).  In 
the  "Shannon"  the  preventer-breechings  were  reaved  through 
holes  in  the  timbers,  and  toggled  on  the  outside ;  and  to  relieve 
the  ring-bolts  and  breeehings,  chocks  of  timber  were  placed 
underneath  the  hinder  part  of  the  aKdes,  when  fighting  the  ' 
weather-side,  so  as  to  lift  them  nearly  to  a  horizontal  plane 
"when  the  vessel  was  heeling  7°  or  8°.  Carronades  thus  fitted, 
run  in  with  less  violence,  and  aro  more  easily  run  out ;  and 
with  this  species  of  ordnance,  sucli  precautions  should  invariably  | 
be  adopted.  If  a  gun  break  loose,  it  may  be  rendered  service-  | 
able  again  in  a  few  minutes ;  but  should  a  earronade  break  its  i 
breeching,  or  draw  a  ring-bolt,  it  is  very  apt  to  turn  over,  or 
split  its  slide  to  pieces.  In  firing  carronades  with  two  shot, 
these  procantiona  are  absolutely  indispensable ;  for  although 
this  species  of  ordnance  is  not  calculated  to  discharge  two  pro- 
jectiles, in  common,  and  dunble  gliottivg  is  forbidden,  yet  on  very 
special  occasions,  when  within  a  few  ynjds  of  an  enemy,  double 
cliarges  may  be  used  with  great  effect,  either  composed  of  round 
and  grape  or  case  shot,  or  of  two  round  shot,  according  to  the 
circumstances  of  the  action.  Thus,  in  fighting  to  leeward  of  an 
enemy,  the  inclination  of  his  ship  wUl  expose  its  deck  so  much 
to  the  effects  of  grape  or  case  shot,  that  the  double  charge 
should  consist  of  one  or  the  other.  In  fighting  to  windward,  on 
the  contrary,  the  weather-side  of  an  enemy  heeling  off,  will  be 
so  much  exposed  below  the  ordinary  water-line  as  to  invite  the 
use  of  two  round  shot,  whilst  tho  declination  of  her  deck  covers 
or  defilades  her  people  from  grapo  or  case.  Tlius  modifications 
in  any  maxims,  as  to  the  most  favourable  moment  for  firing, 
should  also  be   governed  by  the  motion  and  position  of  the 


■  This  having  been  recently  represenUd,  it  is  now  csUblishcd  tbat  &11  S-in. 
guns  and  caironadee  ehaU  have  9-in.  rope  fur  breuchinga,  and  all  32- pounder 
guns  and  carronades  8-in.  I'reechinga.  Ttie  brcccliiug-loojs  bavc  all  tw«i 
enlarged  accordingly. 
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506.  It  appeai-a  to  follow,  ftoni  what  has  been  advanced,  that 
balls  intended  to  take  eS'ect  upon  the  luill  of  on  enemy,  should 
rather  be  dischai^ed  with  a  falling  tlian  with  a  rising  side ;  but 
that  6uch  pieces  as  may  be  appointed  specially  to  act  against 
the  masts  and  rigging,  should,  ou  the  contrary,  be  fired  with  the 
rising  motion,  the  aim  being  taken  low. 

SOT.  In  close  critical  action,  the  great  object  should  undoubt- 
edly be  to  hit  the  enemy's  hull.  For  this  purpose,  it  is  better 
that  the  pointing  of  the  guns  should  rather  he  calculated  to 
take  effect  low,  on  the  body,  than  to  aim  high,  and,  missing  the 
body,  to  hit  the  rigging.  This  is  particularly  desirable  in 
actions  between  carronade-armed  vessels,  or  ships  armed  with 
shell-guns,  because  the  magnitudes  of  thoir  shot  are  so  great  in 
proportion  to  the  scantling  of  the  ships,  that  few  iKxly-hlows  are 
required  to  drive  the  crews  of  the  vessels  struck  to  their  pumps. 
One  or  two  large  shot,  moreover,  taking  eilect  below  the  water- 
line,  and  perhaps  peri'orating  both  sides  of  a  small  vessel,  will, 
in  general,  either  force  her  to  surrender  or  send  her  to  the 
bottom,  though  she  may  not  have  sustained  any  other  material 
damage  or  any  loss  of  men.  Such  an  injury  is  much  more 
likely  to  be  occasioned  by  firing  with  a  falling  than  with  a 
rising  side.  On  the  other  hand,  a  hall  taking  effect  high,  can 
only  injiu-e  the  rigging  or  a  mast,  and,  if  the  latteT,  not  with 
much  effect ;  for  a  mast,  wounded  aloft,  will  be  more  likely  to 
staud,  than  if  the  like  wound  were  inflicted  by  a  shot  which  had 
previously  perforated  the  ship's  side  at  the  upper  deck.  It  is  a 
great  waste  of  means,  therefore,  to  apply  round-shot  of  large 
calibre,  or  shells,  to  the  remote  chances  of  destroying  rigging, 
whicli,  branching  out  from  one  trunk  or  stem,  may  be  more  < 
effectually  feUed  hy  a  blow  otherwise  destructive  at  the 
time.  The  intention  of  horizontal  firing  should,  inde 
bo  lost  sight  of.  When  vessels  are  once  fairly  eng 
action,  which  can  only  terminate  in  defeat  or  vie 
object  should  he  to  sweep  the  opponent's  dei^ 
[lossible.  Before  the  contending  ships  are  in  i 
the  proper  time  to  try  what  skill  and  precisio 
the  enemy's  masia  and  rising ;  and  veaaels 
guns,  and  manned  witli  cx}M>rt  gunners,  will 
make  previous  trials  of  their  arms  and  ( 
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good  circumspect  managoment,  cloao  Eiction  will  not  foil  to 
begiD  with  advantage ;  and  the  author,  from  liis  knowledge  of 
the  effecta  of  caniion-ahot,  confiidcrs  himBelf  justified  in  con- 
cluding that  a  vessel,  equipped  in  a  proper  manner,  and  pos- 
sessing gunnfira  trained  in  tho  way  he  proposes,  cannot  fail  in 
tearing  to  pieces,  in  ten  minutes,  any  opponent  who,  not  pos- 
sessing superior  advantages  in  skill  or  force,  ia  unable  to  pre- 
vent it. 

008.  Some  of  the  actions  between  British  and  American 
sloops  afford  eome  very  iustraetive  illustrations  on  this  important 
question.  In  the  action  between  the  "  Hornet"  and  the  "  Pea- 
cock," the  decisive  importance  of  a  few  body-wounds  was  nnhajv 
pily  too  strongly  displayed.  The  American  ship  was  a  good 
deal  injured  in  her  rigging,  though  comparatively  little  damaged 
in  tho  hull ;  hut  the  British  sloop  was  forced  to  surrender  en- 
tirely in  consequence  of  having  been  UuUed  so  low,  tlint  the  shot- 
holes  could  not  be  got  at ;  and  she  sank  a  few  minutes  after, 
having  been  obhged  to  yield  to  this  fatal  circumstance  only ! 

The  "Avon"  was  brought  to  the  paiuful  necessity  of  striking 
to  tho  "  Wasp,"  from  being  reduced  to  a  sinking  state  by  Iwxly- 
wounda;  and  went  down  immediately  after  the  last  of  her 
bravo  crew  were  removed.  In  this  affair  the  American  first 
crippled  tho  "Avon's"  rigging,  with  dismantling-shot  from  long 
guna,  and  then  aimed  at  her  hull  with  fatal  success.  The 
"  Wasp"  does  not  appear  to  have  been  materially  injured ;  for 
she  escaped  from  a  vessel  (the  "Castiliau"),  in  a  short  chase 
that  took  place,  before  she  was  recalled  by  the  "'Avon's"  signal 
of  distress. 

In  tliese  two  actions  it  is  dear  that  the  fire  of  tho  British 
vessels  was  tlirown  too  high,  and  that  the  ordnance  of  their 
opponents  were  expressly  and  carefully  aimed  at,  and  took  effect 
chiefly  in,  the  hulL  The  inferior  effect  of  our  fire  may  partly 
have  arisen  from  such  errors  in  caTronade-i»ract!ce  as  have 
already  been  noticed ;  but  it  may  be  suspected  to  have  arisen, 
chiefly,  from  not  having  chosen  the  most  advantageous  moment 
for  firing ;  and  this  wo  shall  be  better  able  to  show,  by  reviewing 
the  action  between  tlie  "  Frolic"  and  the  "  Wasp," 

dOit.  This  affair  would  appear  to  supiwrt  very  strongly  what 
has  hocn   said  against  the  measure   of  firing  with  the  i 
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motion.  The  oontendinff  vessels  were  pretty  nearly  matched  in 
armament;  but  the  "Frolic"  went  into  action  under  the  serioua 
disadvantage  of  having  her  mainyard  sprung,  and  nseless.  The 
"Wasp"  having  the  wind,  came  down  and  engaged  the  "Frolic" 
to  windward  on  the  porfr^de,  and  consequently  fought  her  lee- 
side  against  the  weatlier-side  of  the  British  sloop.  The  Ame- 
rican was  considerably  injured  in  her  rigging  early  in  the  action, 
and  also  received  a  few  ^ot  in  the  hull ;  but  much  more  serious 
damage  and  severe  loss  were  sustained  by  tho  "  Frolic."  This 
difference  of  effect  may  fairly  be  ascribed,  in  a  great  degree,  to 
the  crippled  stata  in  which  our  sloop  commenced  tho  action ; 
but  we  cannot  hesitate  to  allow,  that  it  may  ako  have  arisen 
from  tlic  circnmstance  of  "  her  motion  being  much  more  rapid 
and  violent  than  that  of  the  'Wasp,' "  as  haa  been  remarked  by 
a  very  intelligent  writer.'  But  the  "rapid  motion"  which  so 
nauch  disturbed  the  direction  of  her  fire,  appears  to  have  been 
occasionetl  by  the  quick  dips  of  lee-l«rches ;  for  she  fired  with  a 
rising  side,  and,  as  there  was  a  heavy  swell,  this  motion  must 
have  very  rapidly  disturbed  the  pointing  of  her  ordnance,  what- 
ever was  her  trim.  That  the  Americans  did  not  fire  irith  the 
rising  motion,  we  know  from  the  parties  themselves ;  that  they 
could  not  fire  in  the  hollow  of  the  sea,  in  such  a  swell,  is  evi- 
dent ;  and  that  they  did  not  firo  in  the  lee-lurch  is  clear  from 
the  admitted  fact,  that  tho  ship  rolled  her  carronade  muzzles  to 
the  water's  edge  :  we  may  therefore  infer,  with  certainty,  that 
she  fired,  in  general,  from  the  top  of  the  sea  towards  the  termi- 
nation of  the  filing  motion.  That  the  British  sloop  fired  with 
the  rising  motion  is  also  certain — it  is  so  stated  in  accounts 
which,  however  exaggerated  in  regard  to  strength  and  com- 
parative loss,  are  unhappily  true  in  the  main  feature ;  and  the 
explanation  of  this  affair,  from  authority,  bo  far  as  it  relates  to 
rapidity  of  motion,  states  a  cause  of  error  which  every  seamau 
knows  must  be  greater  in  a  lee-lurch  than  in  a  weather-roll. 

In  previous  editions  of  this  work  it  had  been  concluded  from 
the  foregoing  arguments  that  the  falling  motion  was  the  most 
advantageous  time  for  delivering  the  fire  of  a  ship's  guns :  nor, 
indeed,  can  it  be  denie<I  that  it  must  be  so  in  tlteory  ;  but  subsu- 

"  Jamee,  '  Naval  Ouciirrenoos,'  p.  Uij. 
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quent  experience  shows  that  in  practice,  notwithstanding  any 
rale  to  the  contrary,  the  captain  of  the  gun  finds  it  more  favour- 
able to  fire  with  the  rising  motion,  as  the  drawback  of  not  being 
able  to  see  the  object  aimed  at  till  the  moment  of  firing  is  con- 
sidered to  outweigh  all  the  apparent  advantages  of  the  opposite 
method. 

510,  When  it  is  expedient  to  aim  partially  at  the  rigging,  one 
or  more  guns,  conveniently  placed,  and  fitted  expressly  for  such 
purposes,  should  be  named  for  this  service  specially,  and  loaded 
accordingly.  The  main-deck  guns  cannot  be  elevated  sufiB- 
ciently  to  effect  this,  when  the  enemy's  ship  is  close ;  and,  since 
case  or  grape  shot  &om  carronades  scatter  so  much  as  to  be 
very  inefficient,  ships  should  always  be  provided  with  at  least 
one  piece  of  ordnance  on  each  side  of  the  quarter-deck  and  fore- 
castle, fitted  for  this  important  purpose.  Brass  field-howitzers, 
mounted  on  carriages  made  to  allow  of  great  elevation,  are  now 
provided ;  and  they  are  also  fitted  for  boat-service,  as  well  as  to 
be  used  for  field-service.  Dismantling-guns  should  be  capable 
of  being  elevated  to  30°  at  least ;  so  that  the  enemy's  main-top 
may  be  under  the  command  of  a  powerful  fire  of  case-shot  at 
close  quarters.*  Guns  thus  mounted  may  be  fired,  en  barbette, 
over  the  barricades  or  gangways,  and  easily  brought  to  bear 
upon  an  enemy  alongside,  or  laying  across  either  stem  or  bow. 
In  the  position  of  the  "  Cleopatra,"  when  she  suffered  so  much 
from  the  "Milan,"  and  of  the  "Phoebe"  when  she  was  so 
annoyed  by  the  "  Didon,"  before  Captain  Baker  gallantly  cap- 
tured this  last»  the  quarter-deck  9-pounders  of  those  ships  might 
have  borne  with  ease  upon  the  enemy's  tops,  when  no  other 
guns  but  the  stem-chasers  could  be  used. 

As,  in  such  positions  as  these,  all  broadside-guns  become 
useless,  ships'  crews  should  be  exercised  to  form  themselves, 
rapidly,  upon  the  deck,  boats,  and  booms,  when  called  for 
small-arm  duties.  If,  quickly  ranging  themselves  thus,  they 
be  instantly  supplied  with  arms,  the  enemy  may  soon  be  driven 

■  "II  y  a  aussi  le  tir  a  demdter :  mais  ce  tir,  fort  incertain,  qui  fait  |)erdre 
presque  tous  les  boulets  et  qui  est  line  des  plus  graves  erreiirs  de  iios  deniiercs 
giierres,  est  aiijourd*hui  presque  compl6tement  aluiiidonne'.  11  iic  doit  etre 
employ^  que  sur  Tordre  expres  dii  commandant  du  vaisscau.  Co  lir  consiste 
\i  viser  dc  manierc  a  frapi^r  an  tr^ingage,  princijial(?mcnt  colui  du  mat  dc 
misaine.'* — Preaux^  *  Instruction  sur  le  Canonnage  k  I!ord.' 
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from  their  tops ;  and  subduing  the  fire  from  tlience  is  a  favour- 
able preliminary  to  the  assault  by  boarding. 

511.  Tlie  best  method  of  opposing  the  enemy's  top-men  is  to 
have  a  few  expert  marksmen  similarly  posted ;  and  for  this 
service  the  quickly  loaded  rifle-muekets,  with  cylindro-conical 
shot  (see  Part  VI.),  will  be  highly  advantt^eous ;  but,  at  close 
quarters,  ordinary  case-shot,  or  large  charges  of  musketrballs, 
may  be  used  with  gi-eat  effect  from  the  elevating  guns  ;  and  for 
this  purpose  some  rounds  of  this  nature  of  charge  should  always 
be  kept  ready  for  any  piece  that  may  have  the  best  opportunity 
of  using  them  ivith  effect. 

512.  Dismantling  rigging,  and  carrying  away  spars,  are  more 
likely  to  bo  effected  when  it  blows  fresh  than  in  light  airs. 
Carrying  away  a  stay,  or  a  few  shrouds,  or  wounding  a  mast  or 
spar,  in  a  strong  breeze,  may  occasion  a  serious  crash,  which  in 
a  light  wind  would  not  ensue.  With  respect  to  sails,  in  moderate 
breezes  the  perforations  of  shot  leave  oidy  small  holes ;  but  in 
strong  winds  a  sail  frequently  splits  upwards,  as  far  as  the  reef- 
bands  at  least,  as  soou  as  it  is  perforated. 

513.  Whether  pursuing  or  pursued,  the  only  chance  of  stop- 
ping an  enemy  is  by  bringing  down  some  of  his  rigging ;  it  is 
therefore  most  important  to  consider  the  best  mode  of  effecting 
this.  The  random  aim  of  a  wliole  broadside-battery  will  be 
much  less  likely  to  accomplish  it  than  tlie  cool  and  careful  use 
of  ono  well-served  gun.  Hauling-up,  or  bearuig  away,  to  rake 
a  flying  or  a  pursuing  enemy,  always  produces  a  very  random 
volley ;  for  as  the  change  of  course  must  occasion  much  loss  of 
disfemee,  it  is  necessary  to  perform  it  so  quickly  that  the  effect 
is  seldom  good,  the  distance,  or  range,  altering  very  much 
before  the  vessel  comes  to  a  position  proper  for  opening  lier 
broadside  iire.  This  alteration  of  position  brings  with  it  a  great 
and  unknown  alteration  in  the  ship's  inclination ;  consequently 
a  considerable  change  in  the  elevation  at  wliicli  the  ordnance 
may  have  been  laid,  and  which  there  is  not  time  to  correct.  It 
is  almost  incredible,  indeed,  how  little  effect  is  produced  by 
this  sort  of  raking  fire ;  and  the  observation  requires  therefore 
to  be  supported  by  facts.  In  a  certain  action,  a  74-gun  sliip 
bore  up  across  the  stern  of  an  84,  to  rake  her,  at  a  cable's 
length  tlistance,  in  moderate  weather  and  smooth  water.     The 
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74  hiid  been  upon  a  wind,  and  not  having,  perhaps,  allowed 
the  alteration  of  elevation  that  wonld  tako  place  after  bearing-up, 
not  one  shot  took  effect!  A  proof  of  what  may  be  effected 
jigainet  the  personnel  of  a  ship  by  yawing,  and  giving  a  dose 
raking  fire  of  well-directed  grape,  was  pallantly  shown  by  the 
"  Inconstant,"  commanded  by  tlie  late  Admiral  (tlien  Captain) 
Freemantle,  who,  keeping  in  the  wake  of  a  line-of-battle  ship, 
gave  a  raking  fire  of  grape  with  tremondoua  effect  npou  her 
people,  who  were  very  much  exposed  in  striving  to  clear  the 
wreck  of  her  topmasts,  which  had  been  carried  away  by  an  over- 
press  of  sail. 

514.  The  attack  of  the  American  squadron  under  Commodore 
Rogers,  on  the  "  Bolvidera,"  Captain  Byron,  furnishes  a  strong 
proof  of  the  inefficacy  of  volleys  of  rakmg  fire  with  round-sliot 
Captain  Byron,  seeing  the  squadron  bearing  down  upon  him  in 
a  suspicious  manner,  and  having  reason  to  expect  that  war  had 
been  declared,  very  prudently  kept  away  also :  he  gradually 
made  sail,  and  a  chase  ensued,  durijig  which  the  "  PreaideDt," 
outsailing  her  consorts,  came  up  with  tlie  British  frigate. 

The  "President"  commenced  the  attack  by  firing  a  heavy 
bow-gun,  by  which  nine  men  in  the  "  Belvidera"  were  killed  or 
wounded ;  and  by  continuing  to  firo  from  single  guns,  delibe- 
rately aimed,  without  altering  the  ship's  coiu^e,  she  did  much 
further  damage  to  the  chase.  But  when,  gaining  further  on 
the  British  frigate,  the  "  President"  yawed  and  gave  her  broad- 
side volley  (which  was  several  times  repeated),  she  did  the 
"  Belvidera  "  no  further  damage  beyond  cutting  a  brace  or  two, 
and  wounding  a  few  spars!  Our  frigate  answered  these  attacks 
deliberately,  with  her  stem  and  quarter  gnns,  with  such  effect 
that  the  "  President"  (having  had  a  gun  burst)  suffered  more 
than  her  expected  victim ;  and  the  steady  and  determined 
manner  in  which  Captain  Byron  conducted  both  his  defence 
and  his  retreat,  reflects  on  him  immortal  honour,  and  on  his 
crew  a  full  share  of  credit.  Those  facts  serve  to  show  how 
much  more  may  be  executed  by  cool,  deUberate  aim,  witb  single 
guns,  in  the  hands  of  well-trained  gunners,  than  by  repeated 
random  volleys  of  whole  broadside-batteries.  Shells,  having 
time-fuzes,  and  spherical  case-shot,  may  be  used  with  great 
advantage  for  dismaQtling  purposes,  at  very  considerable  dis-  , 
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tancea,  in  chasing  any  vessel;  and  tho  moral  effect  produced 
by  tho  bursting  of  a  shell  is  so  scaring  to  a  nou-combatant 
VG93el,  a  merchnnt-sliip,  pirate,  or  slaver,  that  it  will  rarely  fail 
in  hr'mg'mg-to  audi  a  chase. 

In  the  cliase  of  the  "  President,"  and  the  action  which  cnsned 
between  her  and  the  "  Endymion,"  some  of  the  best  gun-prne- 
tice  ever  eEfected  by  British  seamen  was  displayed.  This  opera- 
tion also  affords  matter  for  remark  as  to  the  effect  of  dismantling- 
tire  in  chasing. — The  "Endymion's"  sails  were  completely  torn 
to  pieces,  and  lier  spars  and  rigging  much  cut,  by  the  American 
dismantling-shot.  Oae  of  these  shot  cut  away  twelve  of  fourteen 
cloths  of  the  "Endymion's"  foresail,  and  stripped  it  almost 
entirely  from  the  yaid,* 

515.  So  great  a  proportion  of  an  enemy's  side  is  opened  by 
the  laige  ports  of  a  carronade-battery  (4  feet  in  width  and  more 
in  height),  that  grape  or  case  shot  seldom  fail  to  commit  great 
eseeution  from  entering  tlieee  large  ports,  as  wcU  as  from  cutr 
ting  the  rigging.  Case-shot  for  32-pomjders,  being  composed 
only  of  8-oz.  balls,  have  not  power  to  do  much  mischief  against 
the  matirid  of  an  enemy,  and  should  therefore  only  be  used,  in 
good  opportunities,  specially  against  tho  personnel;  but  grape- 
shot  may  be  used  in  certain  proportions  from  heavy  guns,  in  any 
close  action,  because  they  are  capable  of  committing  infinite 
ravages  against  both.  Three-pound  iron  bidls,  of  wliich  there 
are  nine  in  32-pounder  grape,  will  penetrate  the  enemy's  barri- 
cade defences  on  the  «pi>er  deck,  and  though  they  cannot  pene- 
trate a  mast,  or  by  any  direct  wound  bring  it  down,  yet  they 
can  break  rfhain-plates,  cut  shrouds  or  stays,  however  thick,  and, 
from  the  number  of  such  chances,  will  be  very  likely,  in  a  strong 
breeze,  to  dismast  the  enemy.  But  it  appears,  from  a  close 
analysis  of  the  reports  of  the  damages  sustained  by  H,M.8. 
"Shannon"  and  the  United  States'  frigate  "Chesapeake" 
action  with  each  other  (Art  262),  that  very  few  grape 
passed  through  the  side  of  either  ship  below  the  harrict 

"  The  American  diamantling-shot  which  tore  the  "Endymion'B" 
com]x>9ed  of  four  or  five  iron  bars,  each  about  two  feet  long,  fastene 
heads  to  a  strong  ring.  These  disniiuitling-Bhot  wftre  likewise  uuu 
actions  faa  between  the  "  Java"  and  "Constitution"),  but  with  lii 
offtct.  The  flight  is  so  irregular  that  they  cannot  be  depended  on ;  Oi 
fore  round-ahot,  which  may  fell  n  roast,  arc  greatly  preferable, 
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the  quarter-deck  and  forecastle;  whereas  there  were  no  less 
than  80  penetrations  of  grape-shot  into  the  "Chesapeake" 
through  the  bulwarks  of  the  forecastle  and  quarter-decks,  which 
must  have  produced  very  fatal  effects  upon  the  people  stationed 
there.  Nor  can  the  small  penetration  of  grape-shot  into  the 
more  solid  parts  pf  the  "  Chesapeake  " — only  from  3  to  5  inches — 
be  easily  accounted  for.  It  may  therefore  be  surmised  that  the 
upper-deck  guns  of  the  "Shannon,"  chiefly  caronnades,  were 
overloaded  by  putting  grape-shot  over  the  round-shot,  which, 
with  a  charge  of  only  2  lbs.  10  oz.,  may  have  caused  the  trifling 
penetration.  However  this  may  be,  the  facts  recorded  in  these 
instructive  reports  may  create  a  doubt  whether,  in  general,  a 
double-loading  of  round-shot  and  grape  should  be  preferred  to 
double-shotting  all  the  main  and  lower-deck  guns  of  a  ship,  in 
close  action.  The  practice  of  loading  alternate  guns  with  round- 
shot  and  grape,  which  obtained  at  the  time  former  editions  of 
this  work  were  published,  is  now  discontinued,  as  the  author  had 
always  maintained  it  should  be. 

516.  The  firing  of  the  Shrapnel  shells,  like  that  of  other  shells 
with  time-fuzes,  may  be  used  with  great  advantage  from  ships 
against  troops  on  shore  (Art.  265),  or  against  vessels  crowded  with 
men  on  their  upper  decks,  at^distances  far  beyond  the  effective 
ranges  of  grape  or  case  shot,  and  in  general,  wherever  the  personnel 
of  any  ship  or  battery  may  be  seen,  and  reached.    But  formerly 
the  service-charges  for  spherical  case-shot  being  smaller  than 
for  other  shells,  on  account  of  their  inability,  being  thinner,  to 
stand  large  charges  (for  which  reason  those  for  heavy  guns  were 
considerably  reduced),  the  penetrating  power,  whether  of  the 
bullets  or  the  splinters  of  the  shells,  was  so  inconsiderable  that 
this  description  of  projectile  was  not  calculated  to  produce  any 
eifect  on  the  more  solid  parts  of  a  ship.     If  the  fuze  were  too 
long,  the  shell  of  the  spherical  case  would  most  likely  break  on 
striking;  and,  should  it  explode  in  a  ship,  would  be  far  less 
destructive,  from  the  smallness  of  the  bursting-charge,  than  the 
common  shell ;  for  these  reasons,  spherical  case-shot  were  for- 
merly of  little  use  in  naval  actions,  and  were  supplied  chiefly  for 
boat-seifvice  and  the  ship's  field-guns;  but  in  the  present  day 
Shrapnel  shells  are  fired  with  the  heaviest  charges  allowed  for 
the  guns. 
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517.  Shrapnel  shells,  to  he  effective,  require  to  be  fired  from 
guns  as  direct  as  possible  at  the  body  against  which  they  are 
used ;  that  is,  with  full  service-charges,  and  the  least  elevation 
which  the  case  may  admit :  but  this  projectile  eauuot  be  em- 
ployed with  any  useful  effect  from  howitzers  at  very  great 
elevations,  or  from  mortars ;  for  the  bullets,  released  from  a 
shell  which  bursts  at  a  considerable  altitude  in  the  declining 
portion  of  a  very  elevated  trajectory,  will  strike  the  plane  below 
with  very  little  horizontal  force,  and  fall  to  the  grotmd  with 
very  limited  vertical  velocity,  approaching,  more  or  less,  to 
thfl  "terminal  velocity"  due  to  bullets  of  that  size  and  density. 
The  circumstauceB  are  similar  to  those  in  M.  Carnot's  project  of 
vertical  fire  with  musket-bullets,  the  effects  of  which  that  cele- 
brated engineer  very  much  over  estimated  (see  Art.  81.  Note 
p.  54)  in  his  system  of  defence,  by  disregarding  the  effects  of 
the  resistimce  of  the  air, 

518.  The  first  employment  of  shells  fired  direct  from  long 
guns  at  bodies  of  troops  at  considerable  distances,  was  at  the 
memorable  defence  of  Gibraltar  in  1781. — Drinkwater'a  '  Siege 
of  Gibraltar,  4th  ed.  p.  167. 

In  firing  from  batteries  placed  high  on  the  rock,  from  which 
the  whole  interior  of  the  besiegers'  trenches  and  batteries  could 
be  seen,  round-shot  fired  from  heavy  guns  would  evidently  have 
been  a  wasteful  and  ineffectual  practice  against  the  workmen 
and  troops  thus  exposed  to  the  direct,  though  depressed,  fire  of 
the  fortress.  The  distance  being  too  great  for  grape  or  case 
shot,  howitzer  shells  were  tried ;  but  shells  flred  directly  from 
howitzers  had  neither  accuracy  nor  force  sufficient  to  take  full 
advantage  of  the  command  which  the  batteries  possessed  over 
the  works  on  the  isthmus  below.  The  charges  being  small,  the 
projectile  velocity  of  the  shells,  at  the  moment  of  burstii 
not  sufficient  to  impel  the  fragments  forward  with 
required  to  produce  the  desired  effect,  whilst  the  grt 
chaises  which  the  shells  contained  occasioned  ver 
sions  of  their  splinters.  Guns  were  therefore 
howitzers,  and  5^inch  shells  fired  from  long  ' 
B8  large  charges  as  the  shells  could  resist, 
prodigious — the  fragments  of  the  shells  were 
with  far  greater  force — the  dispersion  was  less,  Cffl 
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great  preponderance  of  the  projectile  velocity — and  the  effects 
upon  the  troops  and  working  parties  in  the  enemy's  trenches  and 
batteries  were  extremely  destructive. 

This  remarkable  instance  of  the  efficacy  of  direct  shell-firing 
attracted  the  notice  of  all  artillerists.  The  conditions  of  this 
description  of  practice  are  materially  different,  as  has  been 
abeady  explained  (Art.  271),  from  that  of  shells  whose  effects 
depend  whoUy  upon  their  explosive  force ;  but  the  few  frag- 
ments into  which  common  shells  are  broken — ^usually  15  or  16 — 
forming  what  may  be  termed  a  charge  of  langrage,  consisting  oi 
a  few  irregular  lumps  of  iron — are  neither  suited  in  form,  nor 
capable  in  number,  of  producing  any  very  extensive  effects  upon 
large  bodies  of  troops.  The  late  Major-General  Shrapnel  had 
the  ability  and  sagacity  to  perceive  that,  under  such  circum- 
stances, the  effects  of  direct  shell-firing  might  be  prodigiously 
increased  by  filling  the  shells  with  musket  or  carbine  bullets^ 
enlarging  the  charges  in  proportion,  and  reducing  the  burstings 
charge  to  a  quantity  just  sufficient  to  break  the  shell  with  as 
little  scattering  effect  as  possible  upon  the  bullets ;  and  to  that 
able  and  distinguished  officer,  therefore,  is  due  the  credit  of  the 
invention  which  has  rendered  his  name  so  justly  celebrated. 

519.  Numerous  reports  having  been  recently  received,  from 
aU  out-stations  where  practice  is  carried  on  with  spherical  case- 
shot  from  heavy  guns,  to  the  effect  that  the  shells,  in  nearly  all 
cases,  burst  in  the  guns  when  fired  with  the  service-charges,  and 
this  having  })een  attributed  to  defects  in  the  fuzes,  a  series  of 
experiments  were  made  in  1850  to  ascertain  the  real  cause  of 
this  premature  explosion. 

The  experiments  were  made  from  an  8-inch  shell-gun,  a 
32-pounder  gun,  and  a  24:-pounder  gun,  with  the  full  service- 
charges  of  10  lbs.  for  the  two  former  and  8  lbs.  for  the  latter. 
The  result  was,  that  the  shells  were  invariably  destroyed  within 
the  guns.  The  same  results  took  place  when  the  shells  were 
filled  in  the  ordinary  way  with  musket-balls  and  bursting- 
powder,  but  without  fuzes,  the  fuze-holes  being  plugged.  The 
ohargcs  were  then  reduced  to  8  lbs.  for  the  8-inch  gun  and 
32-pounder,  and  to  6  lbs.  for  the  24-pounder,  when  a  large  pro- 
portion of  the  shells  fired  burst  in  the  guns  as  before.  The 
charfi^es  were  then  further  reduced  to  6  lbs.  and  5  lbs.  with 
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fuzes  fixed,  when  it  was  found  that  the  shells  resisted  the  con- 
cussion of  discharge  and  burst  at  the  proper  time ;  also,  that  the 
penetrations  of  the  bullets  were  efficient  at  the  ranges  tried,  viz. 
950  yards  from  the  32-pounder  and  24-pounder  guns,  and  1100 
yards  from  the  8-inch  shell-gun ;  and  these  charges  have  been 
established  accordingly  for  spherical  case-shot  from  all  ordnance 
of  those  natures  and  descriptions. 

The  failures  proved  that  the  metal  of  the  shell,  in  spherical 
case-shot,  is  too  thin  to  withstand  the  necessary  charges,  not 
that  these  were  too  great  for  the  purpose ;  for  it  is  essential  to 
tlie  efficacy  of  qiherical  case  that  the  shell  should  be  moving 
with  great  horizontal  velocity  at  the  moment  of  bursting:  it 
may  therefore  be  donbted  whether  the  evil  shown  in  these  expe- 
riments might  not  be  better  remedied  by  increasing  the  thick- 
ness of  the  shell,  maintaining  the  original  service-charges,  than 
by  depriving  this  important  and  useful  projecUle  of  so  much  of 
ita  power. 

In  an  extensive  course  of  experiments  carried  on  in  1852 
with  Shrapnel  shells,  it  was  ascertained  that  the  freqjient  failures 
of  the  practice  by  the  premature  bursting  of  the  shells,  are  not 
occasioned  by  the  concussion  of  discharge,  but  that  the  ignition 
of  the  bursting-charge  also  arises  from  the  friction  of  the  baUa 
on  one  another  and  against  the  interior  surface  of  the  shell,  the 
powder  being  mixed  with  the  bullets.  In  order  to  avoid  this 
evil,  it  was  proposed  by  Captain  Siemen,  of  the  Hanoverian 
Artillery,  to  cement  the  balls  in  one  mass  by  pouring  among 
them  liquid  sulpliiir  or  plaster  of  Paris,  a  cylindrical  space 
being  left  near  the  fuze  for  the  bursting-powder;  and  the 
method  appears  to  havy  answered  the  purpose  well.  But,  in 
1852,  Captain  Boxer  proixrsed  that  the  balls  in  the  shell  should 
bo  completely  separated  from  the  hurstingjiogdqrl 
a  wrought-iron  plate,  or  diaphragm,  in  1'  " 
struction  was  found  to  succeed  a 
trial  at  Shoebury  Ness,  119  i 
shells  wore  fired,  with  Scinch  H 
of  powder,  without  a  single  pM 
at  Shoebury  Ness,  with  shells  w 
Woolwich  (Die  balls  being  taken  i 
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refilled  with  balls),  of  656  sheila  projected,  only  37  burst  pre- 
maturely. 

In  consequence  of  this  important  discovery,  and  the  results  of 
the  experimentB  made  ivith  the  Boxer  fuzes,  the  reduction  of 
charges  recommended  by  the  committee  of  1850,  and  then 
adopted,  have  been  abandoned,  in  order  to  restore  to  Shrapnel 
sheUs  the  power  of  wliich,  by  that  reduction,  tliey  were  deprived ; 
and  thus  enable  field  artillery,  if  properly  used,  to  maintain  the 
relative  anperiority  of  that  arm  to  tlie  improved  muskets  now  eo 
generally  adopted  in  European  armies.  Ttiis  will  not,  however, 
be  by  Shrapnel  shells  fired  from  fJ-pounders :  these  havo  neither 
capacity  nor  power  for  an  efficient  use  of  that  deetmctive  pro- 
jectile ;  but  9  or  12-pounder  guna,  making  good  uae  of  Shrapnel 
shells,  will  fuUy  maintain  their  superiority  over  any  muskets 
It  may  be  a  question,  however,  whether  any  Shrapnel  shell  fired 
from  a  smooth-bored  gun  in  the  field  will  in  the  present  i; 
proved  practice  with  the  rifled  small-arms  be  able  to  B 
this  superiority. 

520.  Range-tables,  with  spherical  case-shot  from  guus,  i 
having  been  formed  for  the  navul  service,  the  author  inserts  tables 
(XVI.  and  XVII.,  Appendix  B)  abstracted  from  practice  made  on 
board  the  "  Excellent,"  of  the  ranges  with  7.9-inch,  6.76-inch,  and 
6.177-inch  spherical  case-shells  fired  from  8-inch  (68-pounder)  42 
and  32  pounder  carronades,  and  with  Oi^-mch  spherical  shells  fij<ed 
from  a  24-pounder-field  howitzer,  and  the  5J-inch  new  gun  for 
boats.  Table  XVII.  is  compiled  from  Lieut.-Colonel  Buma' 
practice-cards,  pubhshed  by  authority,  which  contain  the  moat 
exact  and  recent  directions  for  conducting  this  and  a) 
land-service  practice, 

521.  In  close  action,  rapidity  of  fire  is  of  the  most  ( 
importance,  provided  accuracy  be  not  sacrificed  to  it; 
proportion  as  we  mcrease  the  quantity  of  fire  with  equal  p 
we  in  fact  increase  our  force.    lu  close  battle,  when  it  is  a 
possible  to  miss,  the  vessel  that  can  soonest  reload  her  o 
and  give  her  second  broadside,  supposing  both  shipa  to  1 
opened  their  fire  nearly  at  the  same  time,  must  have  a  p 
gious  advantage  over  her  opponent.     The  itower  of  dcnng  % 
with  efficacy,  as  well  as  rapidity,  can  only  be  acquired  by  |j 


tresent^^^H 
guns,  ^^^ 
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constant  practice  of  every  miuuto  detail  relating  to  the  matiual 
exercise  aud  to  the  jKiinting  of  the  ordnance, 

522.  Quick  firing  depends  greatly  upon  the  manual  strength 
of  the  gun's  crew  to  perforin  the  ueceaaary  operatioas,  aud  parti- 
cularly tliat  of  running  the  gun  out  in  the  leapt  posBible  time. 
But  it  appear^  that,  in  some  classes  of  ships,  the  number  of 
tackle-men  afforded  by  the  total  strength  of  the  ship's  company 
has  not  been  increased  commensurately  with  the  great  weight 
of  ordnance  introduced  into  the  naval  service.  There  is  no 
gi-eat  difference  between  the  numl>er  of  men  forming  a  sliip's 
crew  in  our  service  and  the  number  forming  a  crew  in  the 
French  navy  on  the  peace  establishment ;  but,  on  the  war  eata- 
blishment,  a  French  crew  is  superior  in  number  to  an  English 
crew ;  and  the  sea-going  ships,  the  squadrons  of  evolutions,  &c, 
of  the  French,  are,  with  respect  to  Uie  number  of  men,  on  the 
war  establishment.  There  is  no  difficulty  in  rumung  guns  out, 
however  heavy  they  may  be,  in  a  ship  which  is  perfectly  or 
nearly  upright,  with  the  regulated  gun-crews,  aided  by  the  im- 
proved mechanical  contrivances  which  hava  been  adopted  for 
this  purpose.  But  these  means  do  not  altogether  suffice  in  all 
the  varieties  and  contingencies  of  service.  In  fighting  on  the 
weather-side,  in  a  strong  breeze,  even  with  full  complements  of 
guns'-crewa,  great  difficulty  is  experienced,  and  mach  time  lost, 
in  running  the  gun  up  the  inclined  plane  which  the  deck  then 
forms ;  aud,  if  this  be  so  under  ordinary  circumstances,  how 
much  greater  must  be  the  difficulty  and  loss  of  time  in  battle, 
when  casualties  happen,  from  men  being  killed  or  disabled,  or 
when  firemen,  sail-trimmers,  boardei-s,  &c.,  are  called  away  I 
The  doflciency  of  men  is  very  much  felt  in  heavy-armed  frigates 
and  in  other  vessels ;  and  it  has  accordingly  been  found  neces- 
sary to  increase  the  power  of  the  gun-tackles  by  u  '  ■  '  '  '  ' 
at  the  tail  as  well  as  at  the  head ;  but  this  is  al  t 
proportional  loss  of  time  in  running  the  gnn  Hp; 
the  time  thus  lost  may  be  little,  yet  so  great  i 
of  quick  firing,  that  every  effort  possible  a 
pedite  the  operations  of  loading  and  ronttu^ni; 
French  have  only  a  single  block  at  the  t^  l" 
Art.  527). 

523.  The  great  attention  yM   ••■ 
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contribute  in  the  sUghtest  degree  to  quick  firing  is  very  apparent 
in  all  recent  French  publications  on  naval  gunnery,  and  in  the 
regulations  for  the  manual  exercise  of  their  naval  artillery  (see 
Art.  424,  et  seq.  4th  edit.).  "  In  all  artillery  battles,"  writes  De 
la  Gravifere,  Vol.  ii  p.  236,  "  nothing  can  dispense,  or  be  allowed 
to  interfere,  with  the  attainment  of  the  utmost  precision  and 
rapidity  of  fire ;"  and  this  maxim  is  enforced  with  the  greatest 
weight  in  the  Avertissement  (p.  8)  to  the  *  Exercises  des  Bouches 
k  feu  en  usage  dans  la  Marine.' 

524.  In  the  first  edition  of  this  work  the  author  recommended 
that,  in  reloading  guns  on  any  occasion  in  which  rapidity  of 
firing  is  of  the  utmost  importance,  the  cartridge,  shot,  and  wad 
should  be  set  home  at  one  operation.*  It  does  not  appear  that 
there  is  any  other  objection  to  this  practice  than  that  which 
arises  from  the  ball  being  apt  to  roU  on  the  tie  of  the  cartridge 
and  thus  become  jammed  in  the  gun.  Such  an  accident, 
however,,  may  easily  be  prevented  by  cutting  the  tie  short  off, 
or  by  fastening  it  round  the  body  of  the  cartridge.  The  re- 
duction in  the  time  of  loading  by  such  me&ns  may  appear 
trifling,  but,  in  close  action,  the  issue  of  a  battle  depends  so 
much  upon  the  rapidity  with  which  the  first  few  rounds  are 
fired,  that  it  is  justifiable  and  even  necessary  to  resort  to  any 
expedient,  the  effect  of  which  cannot  be  detrimental,  while  its 
success  may  ensui:e  victory. 

525.  Soon  after  the  French  translation  of  the  first  edition  of 
this  work  appeared,  experiments  were  made  in  France  to 
ascertain  whether  la  charge  simuUanSe,  as  it  was  called,  could  be 
adppted  with  perfect  safety,  and  vdth  the  advantage,  which  the 
author  of  this  work  proposed,  of  loading  and  consequently  firing 
with  greater  rapidity  than  in  the  usual  way.  In  a  subsequent 
publication  (1845),  M.  Charpentier,  the  translator  of  the  'Naval 
Gunnery,'  gives  the  results  of  the  extensive  trials  of  that  method, 
made  in  the  French  fleet  under  the  directions  of  Admiral  La- 
lande,  in  1840,  extracts  of  which  are  given  in  the  subjoined 
note.^ 


*  This  method  of  loading  appears  to  have  been  practised  on  one  or  two 
occasions  during  the  late  war. 

*»  **  On  a  essay^  de  faire  usage  de  gargoussos  allong^cs ;  et  apres  avoir  con- 
stat^ que  la  diminution  de  leur  diametre  u'excr^ait  aucune  influence  d^favor- 
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526.  The  French,  like  us,  have  had  much  experience  of  the 
inconveniences  and  difficulties  in  loading  chambered  guns,  and 
have  found  it  necessary  to  make  a  material  alteration  in  the 
dimensions  of  the  chambers  before  they  could  succeed  in  ese- 
cutijjg  la  charge  eimultaneo  with  the  canon-ohusier  of  80  No.  1, 
of  1842,  wliich  is  their  principal  ahell-gun. 

When  the  canonansbusiers  were  first  introduced,  each  was  fur- 
nished with  two  rammers,  having  heads  of  different  diameters, 
one  to  set  home  the  cartridge  into  the  chamber,  the  other  with 
a  hollow  in  the  rammer-head  to  cover  the  fuze  in  pushing  home 
the  shell,  a  wad  having  previously,  by  a  distinct  operation,  been 
put  over  the  cartridge ;  and,  to  avoid  the  necessity  of  using  the 
worm  after  every  two  or  three  rounds,  a  small  worm  was  lodged 
in  the  end  of  the  sponge,  imbedded  in  the  wool,  by  "which 
means  the  sponging  and  worming  might  be  perfoflhed  by  the 
same  operation  after  every  discharge.  Next,  to  obviate  the 
necessity  of  putting  a  wad  over  the  cartridge,  in  order  to  keep 
it  in  its  place  before  the  sliot  was  put  in,  trials  were  made  of 
wooden  wads,  and  hollow  tompions  made  of  tin  of  different 
lengths,  which  were  attached  to  the  reduced  cartridges,  to  fill 
the  space  in  the  chamber  that  would  otherwise  be  left  void. 
But  neither  of  tliese  expedients  having  been  found  to  answer, 
the  wads  were  suppressed,  and  the  cartridges  elongated '  sufS- 
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cieDtly  to  occupy  the  whole  length  of  the  chamber,  as  esqilai 
in  the  Note  on  Art.  225.  Bee  also  Charpentier,  *  Essai  aiir  lo 
Matiiriel  de  rArtillerie,'  p.  79,  and  the  '  Aide  Mcmoire  Navale." 
By  this  contrivance,  eimultaneous  loading  has  succeeded  per^ 
fec'tly  with  canons-obusiere  witlioiit  the  aid  of  the  small-headed 
rammer  (see  Charpentier,  p.  34G ;  also  4th  edition  of  this  work. 
Art.  428,  p.  454  (Load),  and  Art.  432).  Cartridges  of  tliia 
formation  were  likewise  adopted  for  carronades,  and  all  other 
chambered  ordnance,  with  this  difference  only,  that,  as  the 
chambers  of  carronades  are  hemispherical  at  bottom,  so  their 
cartridges  terminate  in  that  form. 

527.  The  metliod  of  simultaneons  loading  proposed  Ity  the 
author  (see  the  first  edition,  Art.  192),  and  ado]»ted  in  the 
FrencJi  navy  in  1840,  Iiaviiig  lately  attracted  the  notice  of 
Dsval  offiews  in  this  country,  orders  were  issued  in  1851  to  make 
trials  of  that  system  on  board  H.M.S.  "Escellent,"  and  to 
rejMirt  the  results. 

Much  prejudice  existed  at  first  against  this  mode  of  loading. 


and  many  evils  were  anticipated.    With  8-incli  chambered  gana 
it  was  found  necessary  to  resort  to  some  such  expedient  as  that 

gargonsBCs  a  rendu  cette  charge  poasihle,  ct  k  mlttie  m^thode  a  dfl  b'h 
alachBrgcdeBpiSceeclmmbr&s." — 'ExercioesdeBlknichcsareQ  deb 
Avertisirment,  p.  8.  • 

'  Caiion-obuBier  da  .22  (8.67  in.)  :— 


No.  1.  . 
No.  2,  . 


LenglbofCarUUgF.  'j 
10.24 


SacT.  IT. 


SIMULTANEOUS  LOADING. 


described  in  the  notes  p.  93,  to  ensure  the  reduced  cartridge 
being  properly  set  home  in  the  chamber  simiiltaneonsly  with 
the  ahot.  This  has  been  effectually  accomplished  by  placing  a 
cork  wad  a  (fig.  G4)  in  the  top  of  every  reduced  cartridge,  of  a 
height  sufficient,  together  with  about  half  the  shot,  to  occupy 
the  whole  length  of  the  chamber,  upon  the  principle  stated  in 
Art  126,  Note  ",  instead  of  putting  a  grummet-wad  .over  the 
reduced  cartridge  to  keep  it  in  its  place,  as  heretofore  practised 
on  board  the  "  Excellent "  {see  Note ",  in  the  article  just 
quoted),  BO  tliat  the  shot  on  receiving  the  blow  of  the  rammer^ 
head  may  cause  the  cartridge,  with  the  cork  wad,  to  spring  into 
its  place  in  the  chamber. 

528.  After  repeated  trials  with  guna  of  all  calibres,  from  the 
10-inch  gun  to  the  G-pounder,  with  single  and  double  shot,  and 
with  shells,  no  objection  whatever  was  experienced ;  whilst  the 
advantages  to  be  gained  are  importaot  by  obtaining  greater 
rajiidity  of  fire,  and  a  considerable  saving  in  labour,  by  rammuig 
the  wliole  charge  home  at  one  operation. 

Tliese  results  were  forwarded  to  the  squadron  of  evolution  for 
further  trials  under  all  tlie  circumstances  of  service,  and  par- 
ticularly when  there  was  much  motion.  Such  objections  or 
inconvenieucoB  as  were  found  to  exist  with  respect  to  the 
chambered  guns,  were  readily  obviated ;  and  the  Lords  of  the 
Admii-alty  having  witnessed  the  succeas  of  the  experiments 
made  on  board  the"Excellent,"  directed  "siranltaneous  loading" 
to  be  established  throughout  the  fleet. 

The  only  disadvantage  arising  from  the  adoption  of  this 
expedient  is  that  the  bulk  of  the  reduced  cartridgesi,  and  con- 
sequently the  space  required  for  stowage,  is  as  great  as  for  those 
wliich  contain  the  full  service-charge ;  but  this  is  so  trifling  ftn 
inconvenience  compared  with  the  magnitude  of  the  evil  ffWfi- 
come,  that  it  is  not  worthj'  of  consideration  in 
a  limited  number  of  shell-guns, 
docs  not  amount,  we  believe,  to  morA 
three  ammunition-cases  in  a  line-ofrl 

In  this  manner  siniiiltaDeous 
with  chambered  as  witli  other 
method  of  loading  may  be  statej'l 
portion  the  operation  of  loading 
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proportion  is  the  actual  force  of  the  broadside-battery  practically 
increased,  as  if  it  consisted  of  a  greater  number  of  guns. 

529.  Seeing  that  great  inconveniences  have  been  experienced 
both  in  the  French  and  British  services — and  it  may  be  added 
in  all  others — ^from  the  difficulties  which  the  contraction  of  the 
chamber,  of  whatever  form,  presents  to  the  operations  of  loading; 
and  that  guns  having  no  chambers  may  be  loaded  with  perfect 
facility,  simplicity,  and  rapidity,  without  the  aid  of  a^y  adventi- 
tious expedient,  it  may  well  be  asked  how  far  it  is  necessary, 
convenient,  and  advantageous,  or  the  reverse,  that  the  guns 
from  which  shells  are  to  be  fired  should  be  chambered;  and 
whether  the  truncated  cone,  which  we  alone  have  adopted,  is  the- 
best  form  of  chambers  for  guns  designed  for  horizontal  firing — 
as  no  doubt  it  is  for  mortars  ?     (Art.  126.) 

530.  Much  has  been  written,  many  elaborate  mvestigations . 
made,  and  experiments  tried,  with  chambers  of  all  forms  and 
shapes,  conical,  cylindrical,  spherical,  and  with  some  of  these 
forms  reversed;  to  ascertain  in  which  description  of  chamber 
the  impulsive  force  of  the  powder  acts  with  the  greatest  effect 
against  the  projectile,  and  consequently  upon  the  range.*  The 
author  has  carefully  and  fully  consulted  all  the  more  important 
works  and  documents  which  treat  of  this  subject,  and  referred  id 
the  experiments  which  were  made  at  Woolwich  (in  1787-9)  and 
elsQWhere ;  and  has  no  hesitation  in  coming  to  the  conclusion  at 
which  Dr.  Hutton  arrived,  "  that,  however  mathematical  specu- 
lations may  show  a  preference  to  one  form  over  another,  it  is 
found  that  form  is  very  immaterial,  and  that  in  practice  the 
chief  point  to  be  observed  is  to  have  a  chamber  of  a  size  just 
suflBcient  to  contain  the  charge  of  powder,  and  no  more,  so  that 
the  projectile  may  always  be  in  contact  with  the  powder.'*  ** 

531.  To   fulfil,   completely,   this   important   condition,  it   is 
obvious  that  part  of  the  chamber — the  whole,  as  appears  in 


*  lliough  it  'be  agreed  that  chambers  of  a  spherical  fomi,  or  in  the  form  of 
a  pear,  cause  the  greatest  effects  to  be  produced  with  a  given  charge,  yet  the 
difficulties  which  they  give  rise  to,  both  with  respect  to  the  formation  of  the 
fire-arm  itself  and  that  of  the  charge  (les  munitions),  have  induced  artillerists 
to  make  the  chambers  cylindrical  to  all  howitzers  and  to  most  mortars. 
Chambers  in  the  form  of  truncated  cones  are  disadvantageous  on  account  of 
the  form  of  the  cartridges. — *  Traitd  EMmentaire  d'Artillerie,'  by  Decker. 

**  Dr.  Hutton.  See,  in  particular,  the  article  Chambers,  in  his  'Philo* 
sophical  Dictionary.* 
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fig.  64,  p.  488,  being,  notwitliBtanding  the  iiitrodaction  of 
the  cork  wad,  too  long — might  with  advantage  Le  removed. 
Chambers  caunot  be  wholly  dispensed  with  iu  guns  of  Buch  high 
calibre  as  those  of  8  inches  and  npwards,  without  augmenting 
considerably  the  weight  of  the  gun,  and  increasing  the  giras'- 
crews  on  already  crowded  decks,  and  without  uicurring  fresh 
difficulties  in  using  reduced  charges  in  botes  of  that  diameter  ; 
but  it  does  not  follow  that  the  existing  chambers  should  not  be 
reduced  iu  capacity  and  length.  Although,  by  the  employment 
of  cartridges  witli  wads,  the  stowage-room  of  filled  ammunition, 
in  hoxes,  is  in  no  ship  increased  by  more  than  that  which  is 
necessary  for  sis  cases,  yet  every  sliip  must  take  a  certain 
proportion  of  spare  wads  of  cork  or  light  wood,  for  filling  and 
completing  the  regulated  number  of  reduced  cartridges  to  make 
up  for  those  that  have  been  expended  ;  and  it  will  likewise  be  ■ 
necessary  to  provide  supplies  of  these  wads  in  all  arsenals  and 
stations  at  homo  or  abroad.  la  it  not,  therefore,  desirable  to 
ascertain,  by  actual  experiment,  whether  the  chamber  of  the 
8-inch  gun  of  65  cwt.  might  not  be  siitSciently  shortened  to 
fulfil  the  conditions  specified  in  Art.  530,  and  so  render  the 
cork  or  any  other  wad  unnecessary  ?  *  This  would  reduce  the 
cliamber  to  a  form  and  capacity  which,  on  the  one  hand,  would 
satisfy  the  objections  to  tlie  suppression  of  the  chamber,  and 
efiectually  remove  the  evil  arising  from  the  chamber  being,  os 
at  present,  too  long, 

532.  It  appears  by  fig.  64,  p.  488,  that  a  space  of  about  3 
inches  would  be  left  void  between  the  projectile  and  the  reduced 
cartridge,  were  not  the  cork  wad,  as  represented  by  the  dotted 
lines,  inserted  in  the  head  of  the  cartridge.  K,  therefore,  the 
bore  were  continued  cylindrically  3  inclies  further  than  at  present 
(fig.  05,  overleaf,  see  also  Plate  II,  lig.  14),  the  conical  part  to 
commence  where  the  cylinder  produced  from  A  to  B  ends,  the 
depths  cut  away  at  B  and  C  would  only  be  .225  of  an  inch 
each,  the  quantity  diminishing  iojHBMi^aj^ft^^.COUTergence 
of  tlic  sides  of  the  old 'and  awMB^^^^^^^^^Blte  of  metal 

IbK'^M^^^^^^^^^^^^^^KC  of 
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contact   witli  the  powder  oontaiued 


533.  The  inconvenience  which  principoliy  accompauieH  cham- 
bered ordnance  is,  that  the  capacity  of  the  chamber,  'which  ia  . 
caleniated  for  exactly  receiving  a  full  charge,  ia  too  great  to  be 
filled  when  a  reduced  charge  is  introduced.  Now  the  proportion 
of  the  length  to  the  mean  diameter  of  a  chamber  baring  the 
form  of  a  conic  iriistiim  haa  not  yet  been  determined ;  and  it 
appears  to  the  author  that  no  established  principle  in  gunnery 
wonld  be  infringed,  but  rather  benefit  would  be  gained,  by 
shortening  the  chambers  of  our  8-inch  guns  of  05  cwL,  aiid 
even  those  of  50  cwt,,  to  the  extent  requisite  for  adapting  them 
to  the  reduced  charges.  The  expedient  used  by  the  French 
artillerists  to  overcome  the  inconvenience  of  the  cylindrical 
chambers  in  their  shell-guns,  when  reduced  charges  are  used,  or 
vhea  simultaneous  loading  is  practised,  is  to  make  all  their 
cartridges  of  the  length  of  the  chamber  nearly  (Note  ',  p.  488), 
and  the  areas  of  the  transverse  sections  proportional  to  the 
weights  of  the  charges.  Now,  although  it  is  stated  by  M. 
Charpentier,  in  bis  '  Essai '  above  quoted  (Art.  525,  Note "), 
from  some  esperiments,  that  the  diminution  of  the  diameters 
of  cartridges,  the  charges  being  equal,  had  no  influence  on  tho 
ranges ;  yet  from  other  experiments  whicli  have  been  made  in 
France,  as  wU  as  elsewhere,  it  haa  been  found  that,  in  pK>- 
jeoting  both  solid  and  hollow  shot,  witli  equal  charges,  the 
cartridge  which  has  the  greatest  diameter  gives  to  the  shot  the 
greatest  initial  velocity*  (Art  157),     It  would  be  preferable, 
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therefore,  to  shorten  the  chambers  of  our  8-iiich  guns  sufficiently 
(about  3  inches)  to  permit  the  projectile  to  be  iu  contact  with 
the  cartridge  when  a  reduced  chai^  is  employed,  and  thus 
enable  the  expansive  force  of  the  powder  to  exert  the  greatest 
effect ;  while  the  gentle  contraction  of  the  chamber  at  the  place 
where  it  unites  with  the  cylindrical  bore  would  permit  a  car- 
tridge containing  a  full  charge  to  lie  without  derangement  in 
the  chamber  and  the  adjoining  part  of  the  boro. 

The  shortening  of  the  chamber  would  be  advantageous  in  an- 
other respect :  iu  firing  single  shot  or  shells  with  reduced  charges, 
and  particularly  in  firing  double  shot,  when  greater  charges 
than  5  lbs.  cannot  be  used,  the  unoccupied  part  of  the  chase 
being  about  half  a  calibre  longer  with  the  diminished  than  with 
the  usual  chamber,  the  projectile  would  be  acted  upon  by  the 
charge  during  a  longer  time  under  the  guidance  of  the  bore, 
and  thus  both  the  initial  velocity  would  be  increased  and  the 
direction  of  the  fire  more  correct. 

534.  The  8-iuch  gun  of  65  cwt.  possesses,  as  has  been  shown 
in  Art.  254,  prodigious  strength  in  resisting  the  extraordinary 
charges  with  which  it  was  tried  a  outrance,  and  which  far  sur- 
passed anything  that  could  have  been  expected  or  designed ; 
it  may,  therefore,  well  admit  of  the  abstraction  of  so  small  a 
quantity  of  metal  as  that  of  9  lbs.  If  it  should  appear  on  trial, 
however,  that  the  removal  of  this  small  quantity  of  metal  would 
so  far  weaken  the  gun  as  to  be  inadmissible  in  existing  guns, 
that  alteration  might  at  least  be  made  prospectively  in  any  new 
gun  that  may  be  required,  by  adding  to  the  thickness  of  metal 
in  that  part  of  the  gun  as  much  aa  is  taken  from  within. 
far  thia  partial  retnoval  of  the  evil  arising  from  the  chamber 
being  too  long  can  be  carried  i»  the  lifihtcr  8-inch  gi 
qnestion  wliic.honlyactual  expiriii  i.,  .n  n 
this  may  be,  if  the  shortening  "i 


in  tlie  French  iand  service  «i.  __ 
the  field-service  liowitzor,  «id  K 
ns  equally  adapttd  to  fiw  ri" 
and  quicker  Bring,  '     "  '  ' 
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• 

of  65  cwt.  can  be  effected  with  safety  and  advantage,  considering 
that  this  gun  enters  so  much  more  largely  than«4lie  lighter 
8-inch  giins  into  the  armament  of  our  ships  and  vessels,  there 
can  be  no  reason  why  that  advantage  should  not  be  taken, 
although  it  may  not  be  procurable  in  the  lighter  guns  of  that 
class. 

SECTION    v.*— ON    THE    MANUAL    EXERCISE    OP    NAVAL 

ARTILLERY. 

535.  The  following  regulations  for  the  exercise  and  service  of 
naval  ordnance  in  the  British  service  ox^  quoted  from  the 
"  Instructions  "  on  great-gun  exercise  established  by  authority  of 
the  Lords  of  the  Admiralty. 

FIRST  INSTRUCTION. 


Aaaemblinff  at  Quarters. 

The  accustomed  beat  of  the  drum  is  for  Action ;  the  stationary 
powdermen  repair  to  the  magazine-scuttle  for  two  cartridge-cases 
and  two  cartridges,  and  then  return  to  their  place  in  the  rear  of 
their  guns  amidships,  ready  to  receive  all  further  supply  of  powder 
from  the  extra  powderman. 

The  Gun  Nos.  provide  the  stores,  and  with  the  Auxiliaries  cast 
loose  their  respective  guns,  which  are  to  be  searched,  loaded  with 
full  charges,  and  single  shot,  and  run  out  without  further  orders : 
but  they  are  on  no  account  to  be  fired  without  distinct  orders  from 
the  upper  deck.    • 

Note.— i-The  above  an-angement,  although  it  ensures  the  guns  being  got  quickly  ready 
for  action,  does  not  preclude  the  Commanding  OlTicer  from  giving  orders  on  beating  to 
quarters,  to  load  with  any  other  charge  or  projectile  he  may  think  best. 

• 

The  accustomed  beat  of  the  drum  with  one  roll  is  for  Manual 
Exercise,  the  same  as  for  Action,  but  no  powder  is  provided. 

The  accustomed  beat  of  the  drum  with  two  rolls  is  to  muster  for 

Inspection:    the  crews  and  powdermen  repair  to  their  respectiye- 

sides,  unless  ordered  to  the  contrary.     The  stationary  and  extxa 

powdermen  take  their  places  in  the  rear  of  their  guns  amiddiipk     .'^^ 

**  Fall  Out."  -^"^ 

,-^ 

Note. — The  rolls  are  to  be  beaten  previously:  by  this  means  great  celerity w* 
acquired  when  the  guns  are  really  wanted  for  action.     Orders  for  casting  loanyW 
paring  for  action,  will  then  be  unnecessary,  as  the  OfHcei-s  and  men  will  htTe  h^ttk  ifj 
of  what  is  required  of  them. 


Sacr.V. 
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4I>5 


DaitUfor  Placing  the  Men. 
Take  your  place  in  tlie  fear  of  the  gnu  fooing  the  port,  as  No.  1, 
the  Captain. 

Take  your  place  to  the  right  of  the  gun  close  to  the  ship's  side, 
as  No.  4,  the  Sponger,  standing  qiiarter-&ce  to  the  gun. 

Take  your  place  to  the  left  of  the  gun  dose  to  the  ship's  eide,  aa 
No.  3,  the  Loader,  standing  quarter-face  to  the  gun.* 

Take  your  place  to  the  right  of  the  gun  nest  to  No.  4,  aa  No.  6, 
the  Assistant  Sponger. 

Take  your  place  to  the  left  of  the  gun  next  to  No.  3,  as  No.  5, 
the  Assistant  Loader. 

Take  your  place  to  the  right  of  No.  1,  facing  the  ship's  side, 
clear  of  the  recoil,  as  No.  2,  the  Second  Captain. 

lliese  BIX  numbera  are  Gun  numbers,  and  provide  stores  for, 
and  cast  loose,  thia  gun  and  the  gun  on  the  right  in  their  respec- 
tive watches.    All  numbers  above  these  are  Auxiliaries,  who  cast 
loose  this  gun  and  the  gun  on  the  right  in  their  respective  watches. 
'^£to'the   j- left  of  the  gun  next  to  No.    6  as  No. 
right  „  No.    6  aa  No. 

„  left  „  No.    7  as  No. 

„  right  „  No.    8  aa  No.  10. 

„  left  „  No.    9  as  No.  11. 

right  „  No.  10  aG  No.  12. 

And  so  on  with  higher  numbers.    "  Close  up." 
"Gun  Numbers." 


"  Auxiliaries." 


"  Handspikemen." 


"  Eear-men," 

14.  The  ri^ht  rear-man.  13.  The  left  rear-man. 

(or  the  two  hyhtst  numierg.) 

a  Nob.  aa  placed  in  rotation  on  arriving  at  the  gun  ; — 

.  The  Assistant  Sponger. 
\  4.  I'liB  Siionger.  j  S.  The  Assistant  Loader. 

~     ~     "  ~      ~         i  Captain. 
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JfoMWiff  both 

^     Each  watch  will  repair  to  its  rBspecd-ve  flide, 
Mah  both  soon.  J  ^^  ^^  nambers  standing  to  the  left  of  the  left 

]  guns ;    eyen  nnmberB  to  the  right  of  the  right 
Igima. 


Left  gnnn,    3 

remains 

3 

Right 

guns. 

4 

remains  4 

5becQme8  4 

6  heoamesd 

7 

»» 

6 

8 

6 

9 

»f 

5 

10 

«f          ^ 

11 

»» 

2 

12 

2 

13 

tf 

7 

14 

7 

1 

remains 

1 

2 

1 

Note. — ^The  kft  gnus  are  odd  fterboard  and  eren  port.  The  ri^i  gims  art  eren 
starboard  and  odd  port. 

Gout '-crews  always  man,  and  powda>>bojs  always  sapflj,  adjaomt  gnna,  whoi  dearfa^ 
for  action  or  when  fig^ituig  both  sides. 

With  a  crew  of  11  men  and  upwards,  and  both  sides  manned,  2  is  olmiys  to  attend  the 


Providing  Store9  (both  sides  manned). 

No.  1  provides  3  vent-plngs,  priming-wire,  tabe-box,  sparo 
trigger-line,  yent-bit,  sees  the  lock  fixed  and  fit  for  nse,  and  places 
handspikes. 

3,  shot,  and  grummet,  spare  breeching,  wet  swab,  wads,  and 
fuze-wrench. 

4,  sponge,  rammer,  worm,  and  fire-bucket. 

Stationary  and  extra  powderman,  two  cartridge-cases  and  two 
cartridges  each. 

Note. — ^With  GS-poimders  and  10-inch  guns,  3  should  provide  a  bearer,  and  4  ahouki 
assist  him  in  providing  shot.  I^wre  locks  and  hammers  are  to  be  provided  by  the  2nd 
Captain.  Lantons  should  be  hong  up  amidships  betweoi  the  ports  and  kept  in  order  by 
the  proper  No.  4,  arrangements  being  made  for  lighting  them  at  nightrquarters. 

Shells  are  always  to  be  provided  by  the  two,  highest  nambers. 

''Man  the  Stabboasd  ob  Fobt  Guns." 

Exercise  with  14  Men  to  a  Lower,  Middle,  or  Main  Deck  Ghin. 

Kg.  1,  the  Captain,  commands,  attends  the  breeching,  primes, 
points,  fires,  and  stops  the  vent. 

2,  the  2nd  Captain,  assists  1 ,  runs  out,  attends  handspikes,  ooin, 
and  lock< 

3  loads,  rams  home,  runs  out,  and  trains. 

4  worms,  sponges,  rams  home,  runs  out,  and  trains. 

5  gives  shot  and  wad  to   3,  runs   out,  trains,  and  spans  H^ 
breeching. 

6  gives  sponge,  rammer,  and  worm  to  4,  runs  out,  traini' 
spans  the  breeching.  • 
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7  and  8  nm  out,  and  train. 

9  and  10  ran  out,  and  attend  handspikes. 

1 1  mnH  out,  and  attdnda  handspike. 

12  runs  out,  and  trains. 

13  runs  out,  trains,  and  brings  up  shell. 

14  attends  train-tackle. 

Note. — With  more  or  leu  than  14  mca,  the  Exerdu  will  to  the  aame  as  above,  except 
that  (he  proper  haodspikemeD  will  take  the  dntiea  of  9  and  10,  the  asaislaut  haiidn)ike- 
men  Ifaoae  of  11  and  12,  and  the  reannea  those  of  13  and  14. 

The  Aapt^  of  the  gun  u  respamible  that  all  stores  and  necessarjr  gear  are  at  the  goo, 
and  that  througboat  Ibe  exercise  all  (he  Nos,  perform  their  dittiet  corral;. 

Exercise  vnth  9  Mm  to  an  Upper-Deck  Gun. 

No.  1,  the  Captain,  oommanda,  attends  the  breeching,  primes, 
points,  fires,  and  stops  the  vent. 

2,  the  2ad  Captain,  aasiate  1,  attends  the  apron,  elevating- 
screw,  lock,  and  train-taokle. 

3  loads,  rams  home,  runs  out,  and  trains. 

i  worms,  sponges,  rams  home,  runs  out,  and  trains, 

5  gi-ves  shot  and  wad  to  3,  runs  out,  trains,  and  spans  the 
breeching. 

6  gives  sponge,  rammer,  and  worm  to  4,  runs  out,  trains,  and 
spans  the  breeching. 

7  and  8  run  out,  and  attend  handspikes. 
9  runs  out,  trains,  and  brings  up  shell. 

■  having  aide-leTcn  for  ninniDg 
left  rear-man  will  attend  roller 


Handspikemen  with  5,  6,  or  7  men 
„  „  8  or  9  men 

„  ,,       10  or  II  men         . . 

and  Assistant  handspikemen 
Handspikemen  with- all  Nos,  above  11   . . 

and  Assistant  handspikemen 
Except    with    lU-inch    and  i:i^?-iiounik'i- 
gunR,  when  Assistant  handspikemen 
will  be  . 
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Arrangement  for  clearing  away  Lotoer-Deeh  Tables  and  Stoob 

mth  7  Men  (both  aides  manned). 

Nos.  2  and  7  to  take  down  mess-gear,  and  remain  on  orlop-deck 
to  place  tables,  stools,  and  bread-barges. 

5  and  6  to  pass  down  tables,  stools,  and  teead-barges. 

Each  gun's  crew  should  be  told  off  for  clearing  away  the  mess 
before  or  abaft  their  gun,  according  as  the  foremost  mess  is  before 
or  abaft  the  foremost  gun. 

Arrangements  should  be  made  for  passing  the  tables  and»  stools 
of  the  different  divisions  of  guns  down  different  hatchways,  and  for 
placing  a  certain  number  of  tables  on  the  chests  in  the  fore  and 
after  cockpits  for  the  wounded.  When  the  tables  and  stools  are 
triced  up  overhead,  Nos.  2  and  7  take  down  mess-gear,  as  before, 
and  all  the  other  Nos.  assist  in  putting  up  the  tables  and  stools 
be/ore  attempting  to  cast  loose. 

Stations  for  casting  loose  a  Lower-Deck  Chan  with  7  Men 

(both  sides  manned). 

No.  1  places  handspikes,  3  and  4  bear  out,  and  the  other  Nos. 
trice  up  the  port ;  when  the  port  is  up,  1  provides  stores,  2  and  7 
cast  off  and  hook  on  train-tackle,  3  and  4  cast  off  muzzle-lashing,  then 
provide  stores  and  clear  away  breast-frapping,  6  and  6  deax  away 
and  shift  side-tackles;  when  the  side-tackles  are  clear,  and  train- 
tackle  to  the  rear  and  luff  choked,  1  gives  the  word  **  Elevate,"  sees 
the  bed  properly  secured,  and  places  coin  at  P.  B.,  the  gun  is  then 
run  in,  searched,  loaded,  and  run  out.  While  the  gun  is  being 
elevated,  2  and  7  finish  whatever  is  left  imdone,  and,  whilst  loading, 
2  coils  up  the  lashings,  and  5  and  6  span  the  breeching. 

Stations  for  casting  loose  a  MainrDeck  Chin  tvith  6  Men 

(both  sides  marmed). 

No.  1  places  handspikes,  3  and  4  bear  out,  and  1  and  2  trice  up 
the  half-port ;  when  the  poit  is  up,  1  provides  stores,  2  casts  off  and 
hooks  on  train-tackle,  3  and  4  clear  away  and  unhook  train-tackle 
and  provide  stores,  5  and  6  clear  away  and  shift  side-tackles,  un- 
toggle  breeching  and  span  it  when  the  gun  is  in ;  when  the  side* 
tackles  are  clear  and  train-tackle  to  the  rear,  1  gives  the  word 
**  Elevate,"  and  withdraws  the  coin  to  allow  3  and  4  to  put  down 
the  lower  half-port,  he  then  sees  the  bed  properly  secured  and  places 
coin  at  P.  B.,  the  gun  is  then  run  in,  searched,  loaded,  and  run  out. 

With  7  men.  No.  7  will  assist  No.  2. 

,,     5     „     No.  1  will  hook  on  train-tackle. 

If  the  upper  half-ports  are  made  to  take  off,  3  and  4  will  take 
them  off. 
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1 

Fating  up  GagualtieB. 

When  casnalties 

occur  at  the  gunH,  the  Captain  of  tJie  gun  will 

give  the  word  "  Close  up"  and  then  equalize  the  crew  on  each  side, 

excepting  where  either  Captain  is  removed,  when  the  next  Gun  No.          ^^m 

should  take  his  place.     For  instance,  with  14  men  at  a  gun,  if  1,  6,        ^^H 

and  9  tall  out,  2  should  take  1  ;  3,  2  ;  8  movea  up  aod  becomes  6 ;        ^H 

1        10,8;  12,  10;  and  14,  12;  5  moves  up  and  hecomes  3 ;  7,  5;  !),  7;        ^H 

11,  9;  and  13,  11. 

If  the  powdermau  ahould  fall  out,  the  highest        ^^H 

Ko.  ahonld  take  powdenuan.                                                                               ^H 

■Handspike  Drill                                               ^| 

The   Officer    com tnati cling    numbers   off  the         ^^| 

OF  COMMASD. 

gans,  according  to  the  number  of  men,  4  men         ^^| 



to  a  gun,  viz.  :j,  4,  5,  and  i>.                                           ^^| 

The  handspikes  are  to  be  placed  on  the  deck         ^^| 

Man  tsb  auwa 

with  the  flat  side  doMn  and  heels  iuboard,  the         ^^| 

centre  of  the  handspikes  in  lino  with  the  axle-         ^^| 

FOB  HANDSPIKE 

trees,  rear  handspikes  outside.     The  Nos.  stand         ^^| 

DBILL,   AMD  FLAOE 

between  the  gun  and  the  handspikes  facing  the         ^^| 

HAKSSFIKBB. 

ship's  side,  3  and  4  in  a  line  with  the  fore  axle-         ^^| 

tree,  and  5  and  6  in  a  line  with  the  rear  azletroe.         ^^| 

The  handspikemen  pick  up  their  handspikes,         ^^| 

Point. 

face  uiUvMrds  froia  the  gun,  aad  place  the  flat        ^^H 

pai-t  of  them  on  the  deck,  clear  of  the  carriage        ^H 

ready  to  train.                                                            ^^H 

Muzzle  bight.     J 
Wbu.. 

6  outside  the  brackets.                                                ^^| 

Muzzle  lkpt. 

5  outside  the  brackets.                                   ^^^^^H 

Well. 

Two  HANrariKES 

^^^^^^^ 

MUZZLE  ElOHT.       - 

G  outtiide  the  brackets  and  5                     ^^^^^^H 

Well.             I 

-^^^^^H 

'              Two    HAUDBPIKES 

^^^^^^^ 

HVZZLB    LEFT.         < 

outside  the  bmekets  and  (i  iu.       ^^^^^^^^^^^k 

j                Well. 

^^^^^^^^^^H 

FOUB  HANDSriKES 

3  runs  up,  4  niiM  back,  6  OB|ifl^^^^^^^^H 

:                  Well. 

and                                  ^^^^^^^^^^^M 

ForB  HANDSPIKES 

.-^^^^^^^^^^^^^^^^H 

up,  S  niBBd^^^^^^^^^^^^^^^^H 

Well. 
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Shift  the  bight 
fork  truck. 


^ r     3  and  4  eroiind  their  handspikes,   5  and  6 

Shift  the  rear    I    ,        xv  •    ?    j     •!.  j      xif  ,  x_ 

-l  place  their  handspikes  under  the  rear  axletree 

I  cleats,  3  and  4  shift  the  trucks. 

3  and  4  ground  their  handspikes,  5  places  his 
handspike  under  the  leffc  rear  axletree  deat,  3 
takes  off  the  truck  and  passes  it  to  4 ;   6'with- 

-^  draws  his  handspike  and  stands  on  the  arm  of 
the  axletree,  6  places  his  handspike  under  the 
arm  of  the  right  fore  axletree,  4  shifts  the  track, 

^^  3  replaces  the  rear  one. 

3  and  4  ground  theix  handspikes,  6  places  his 
handspike  under  the  right  rear  axletree  cleat,  4 
takes  off  the  truck  and  passes  it  to  3  ;   6  with- 

1  draws  his  handspike  and  stands  on  the  arm  of 
the  axletree,  5  places  his  handspike  under  tiio 
arm  of  the  left  fore  axletree,  3  shifts  the  track, 
4  replaces  the  rear  one. 

J      The  Nos.  place  their  handspikes  in  rear  of  the 

\  axletrees. 


Shift  the  left 
fore  truce. 


Run 

THE   GUNS   UP. 

Well. 

Run 

the  guns  back. 

Well. 

FnuB. 

Note. — In  shifting  a  fore-track  the  rear-tmck  is  passed  under  the  gun  to  assist  in 
taking  it  off,  the  small  coin  being  placed  under  the  fore  axletree  firom  m,  out,  by  3  or  4, 
and  returned  after  the  truck  is  shifted. 


{The  Nos.  facing  to  the  rear  place  their  hand- 
spikes in  front  of  the  axletrees. 

{      Handspikemen  groimd  their  handspikes. 


SECOND  INSTRUCTION. 


Orders  for  Manual  Exercise. 

On  coming  to  the  gun^  Nos.  1  see  the  locks  fixed  and  fit  for  use, 
vents  clear,  sights  adjusted  to  the  distance  named,  and  Hie  gans 
searched,  loaded,  and  run  out  without  further  orders. 

Note. — In  clearing  for  action,  and  on  other  occasions,  all  unnecessary  noise  is  to  1m 
avoided.  The  Captains  of  the  guns  alone  should  speak,  giving  their  orders  in  a  sharp 
clear  tone,  but  not  louder  than  necessary  for  their  own  crew  to  hear  them. 

The  heel  or  inclination  of  the  ship,  as  shown  by  a  pendulum,  or  instrument  sapplied 
for  that  purpose  to  each  division  of  guns,  should  be  given  by  order,  whaiever  the  objeol 
cannot  be  seen  from  the  gun-decks. 

The  guns  are  always  to  be  laid  horizontal,  and  sights  kept  at  pointrblank,  nnlasi  OSi* 
trary  orders  are  given.  The  depression-chock  is  always  to  be  used  as  long  as  the  elefitias 
will  admit  of  it,  as  the  coins  are  then  less  liable  to  be  thrown  out. 

Full  chai*ges  should  always  be  used,  unless  contrar}'  orders  are  given. 
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"Prime." 
"  Point." 
**  Elevate." 

Prime. 


"  Sponge." 
"  Load." 
"  Eun  out." 


Point. 


Nine  Words  of  Command. 

"  E^ady." 

"  Fire." 

"  Stop  the  vent" 

{No.  1  opens  the  tube-box  with  his  left  hand, 
takes  out  a  tube  with  his  right,  and  primes. 

Note. — Should  the  vent  become  choked,  it  is  to  be  cleared  by  boiing  with  a  vent-bit; 
and  care  should  be  taken  not  to  bend  it,  as  being  made  of  steel  it  will  easily  snap. 

No.  1  retires  to  the  full  extent  of  the  trigger- 
line,  leaning  well  over  on  his  right  knee,  keeping 
his  left  foot  clear  of  the  recoil.  The  handspike- 
men  pick  up  their  handspikes,  keeping  them 
clear  of  the  brackets,  the  assistant  handspikemen 
double  into  them,  the  right  rear-man  attends  the 
train-tackle,  and  the  rest  of  the  Nos.  man  the 
.  side-tackle  falls. 

Note. — No.  1  is  to  give  the  necessary  oixlers  for  training  the  gun,  using  the  terms 
**  Muzzle  right,"  "  Muzzle  left,"  when  he  wishes  the  muzzle  of  the  gun  to  be  thrown  in 
either  direction ;  he  is  also  allowed  to  make  use  of  the  following  signs  with  the  left  hand 
to  assist  in  making  himself  understood. 

In  Pointing. — He  should  move  the  hand  to  the  right  or  left,  according  as  he  wishes 
the  breech  thrown  to  the  right  or  left. 

In  Elevating. — He  should  move  the  hand  up  or  down  repeatedly ,  according  as  he 
wishes  the  breech  raised  or  lowered. 

In  doubling  in  to  the  side-tackles,  all  the  Nos.  between  the  handspikemen  and  ship's 
side  are  to  remain  on  the  outside  of  the  falls.  The  Nos.  in  the  rear  of  the  handspikemen 
ai-e  to  pass  between  the  handspikemen  and  the  gun,  manning  the  &11  on  the  inside. 
3  and  4  are  to  keep  their  eyes  on  the  handspikemen  opposite  to  them,  so  as  to  give  the 
time  to  the  other  Nos.  for  hauling  on  the  Ml. 

Whenever  the  order  is  given,  "  Two  handspikes  muzzle  right"  or  "  left,**  1  makes  up 
his  trigger-line,  lays  it  across  the  neck-ring,  and  passes  between  the  gun  and  the  handspike- 
man  (who  comes  inside  the  brackets),  resuming  his  position  in  the  rear  of  the  gun  to  look 
along  the  sight ;  as  soon  as  the  gun  is  laid,  he  again  holds  the  trigger-line. 

In  **  shifting  **  or  **  taking  off  trucks,*'  3  and  4  are  to  attend  tiie  fore-trucks,  and  rear- 
men  the  rear-trucks,  2  and  1 1  providing  spoi'e  ones  when  necessary. 

In  tighting  weather  or  lee  guns,  it*  will  sometimes  be  necessary  to  take  off  the  rear- 
trucks,  to  diminish  the  recoil  in  the  former  case,  and  to  prevent  them  running  out  after 
the  recoil  in  the  latter. 

Whilst  training,  the  men  on  one  side  ai'e  to  be  attentive  to  ease  off  their  tackle  as  the 
men  on  the  opposite  side  haul  on  theirs. 

The  handspikemen  place  their  handspikes  on 
the  steps  of  the  carriage  under  the  breeching, 
and  raise  the  gun  off  the  coin.  2  steps  in  with 
his  left  foot  in  a  line  with  the  gun,  keeping  his 
right  clear  of  the  recoil,  and  withdraws  the  coin 
to  the  full  extent ;  handspikemen  lower  the  gun 
slowly  and  steadily.  At  the  word  "  Well,"  2 
forces  in  the  coin,  and  when  he  feels  the  weight 
of  the  gun,  gives  the  word  ''Down""  to  the 
handspikemen,  springing  up  to  the  safety  posi- 
,  tion  on  the  light. 


Elevate. 
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Note. — The  word  **  Ready"  is  to  be  given  immediately  the  deration  is  correct,  and 
the  pointing  continued  till  the  word  **  Fire."  Should  it  be  necessary  to  alter  the  elevaiioa 
after  the  word  "  Ready,"  2  is  to  **  half-cock^  at  the  order  **  Elevate."  If  firing  with  so 
much  elevation  or  depression  as  to  require  the  use  of  "  inclined  planes,"  they  are  to  be 
placed  by  the  rear-men ;  or  if  a  "  tripping>ooin  "  is  used  for  depression,  it  is  to  be  |^aoed 
by  2,  the  lanyai-d  being  passed  to  4  to  be  hitched  to  the  breeching-ring. 

When  side-scales  are  used  for  laying  guns,  the  right  rear-man  is  to  hold  the  side-flcale^ 
and  2  is  to  attend  the  coin,  and  look  out  for  the  elevation,  under  the  direction  of  1. 

When  laying  guns  by  maiked  coin  or  side-scale,  with  the  rear-tracks  off,  an  allowance 
of  29  must  be  made  to  correct  the  elevation. 

^f  a  standard  be  used,  1  is  to  attend  it,  and  2  the  coin. 

Right  and  left  rear  numbers  raise  the  breeching  for  the  handspikemen. 

{No.  2  steps  up  to  the  right  of  the  gtin,  clear 
of  the  rear  axletree,  cocks  the  lock  with  his  left 
iiand,  and  retires. 

Note. — As  soon  as  the  word  "  Ready "  is  given,  the  training  Nos.  are  to  let  go  the 
side-tackle  fidb  and  stand  steady  till  the  gun  is  fired,  unless  the  ship  is  rolling,  when  thej 
are  to  be  kept  in  hand  till  the  moment  of  firing. 

In  the  event  of  there  being  no  2, 1  cocks  the  lock,  but  if  there  be  no  lock,  1  is  to  retire 
beyond  the  extent  of  the  recoil,  and  the  left  rear-man  is  to  get  the  hammer,  and  place 
himself  in  a  line  with  and  clear  of  the  rear  axletree,  dicing  the  port. 

r     No.  1  fir^s  with  a  suitable  jerk,  springing  np 
FiBE.  -l  to  the  safely  position  on  the  left.     Handspike- 

l  men  ground  their  handspikes. 

Note. — Guns  with  heavy  charges  or  lee-guns  that  run  out  again  after  the  reooil,  may- 
be prevented  so  doing  by  taking  off  the  rear-trucks,  or  by  Nos.  7  and  8  phicing  stop-coins 
in  the  shape  of  a  shoe  with  handles,  under  the  fore-trucks  when  the  gun  is  in ;  5  and  6 
withdrawing  them  when  the  train-tackle  is  taut. 

If  hammer  or  match  be  used.  No.  1  is  to  order  the  left  rear-man  to  fire  at  the  moment 
when,  allowing  for  the  motion  of  the  ship,  he  is  certain  he  will  hit  the  object.  The  matdi 
(when  used)  is  to  be  put  to  the  matched  priming  before  the  vent,  to  avoid  its  being  extin- 
guished by  the  explosion.     The  left  rear-man  returns  the  hammer  or  match. 

The  right  reai-man  is  to  take  in  the  slack  of  the  train-tackle,  and  choke  or  hitch  it 
when  the  gun  is  in ;  2  will  assist,  if  necessary.  The  length  of  the  trigger-line  should  be 
regulated  by  the  distance  required  for  the  gun's  reooil.  The  hook  of  the  train-tackle  at 
the  gun  is  always  to  be  moused. 

/•     No,  1  makes  up  the  tri^er-line  hand  over 
hand,  and  lays  it  across  the  neck-ring,  forces  in  a 
Stop  the  Vknt.   -|  vent-plug  with  his  left  hand,  keeping  his  fliumb 

on  it,  and  fingers  extended  along  the  vent-field, 
half-cocks  the  lock  with  his  right  hand. 

Note. — ^The  necessity  of  stopping  the  vent  with  a  plug  should  be  particukrlj 
impressed  upon  the  men,  showing  them  that  if  the  sponge  be  thrust  well  home  to  the 
bottom  of  the  bore,  and  well  pressed  against  it  whilst  two  round  turns  are  given,  and  the 
vent  well  stopped  so  as  to  prevent  a  current  of  air,  no  fire  can  remain. 

{All  the  Nos.  man  the  train-tackle,  except  1, 
and  3  and  4,  who  overhaul  the  side-tackles. 
AVhen  the  gun  is  in,  1  gives  the  word  "  WeU." 

Note. — ^The  Nos.  are  to  fiice  inwards,  m  going  to  the  train-tackle.  The  right  rear- 
man  is  to  run  back  smartly,  ready  to  choke  the  luff;  when  the  gun  is  in,  it  is  to  be 
immediately  laid  &ir  for  loading  and  running  out. 
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•  Nos,  3  and  4  step  inside  tlie  breeching  to- 
gether, 3  with  bia  right  leg,  4  with  his  left ; 
ti  &COB  oiilwards  and  takes  the  sponge,  with  hia 
right  hand  over  and  left  under,  and  gives  it  to 
4,  who  roceivea  it  in  tJie  same  nmnner,  Jhrcfs  ii 
hard  home  to  the  bottom  of  the  bore  in  two  or  three 
motions,  gives  it  two  ronnd  turns,  withdraws  it 
hand  over  band,  gives  it  two  smart  taps  under 
the  muzzle,  and  lays  it  quietly  across  the 
breeching;    while  the  sponge  ia  withdrawing, 

.  G  takes  the  rammer. 


=  (if 


the  sponge  is  kppt  DT^heiil]  ull  the 
m  rwrni  lo  reHch  it ;  nlinuld  3  (gr  4) 
call  hia  attention  to  it.     The  gun  ie 


K«.  in  rmr  of  6  shniild  TaU  t> 

observe  that  I  bis  omitted  to  serve 

to  be  iconwd  every  foarlh  round. 

SponEM  KTB  fraiuently  supplied  loo  lai^e.  Grrat  cars  should  be  taken  that  they  fit 
easy,  Bad  go  well  home  into  the  chamber,  particularly  with  conical  chambered  guns. 
A  neglect  of  thi<  is  frequently  the  cause  of  serioui  accidents. 

Befui-e  unil  after  every  eieioise  the  guns  are  to  be  "seBrchcd,"     Should  on;  iinruing 

out  by  ihe  sponge  or  worm,  they  arc  to  be  extinguudied  by  3,  witli.^ 


Ko,  3  receives  the  cartridge  from  the  powder^ 
man  (facing  inboard),  and  enlers  it  seam  side-  1 
ways,  and  bottom  fiiet,  to  the  fiiU  extent  of  his 
arm;  5  gives  shot  and  wad  to  3,  who  enters 
tliem ;  4  receives  the  rammer  from  (},  with  his 
right  himd  under  and  left  over,  and  assisted  by 
3,  forces  all  home  together,  hand  over  hand, 
giving  them  two  smart  blows  ;  they  then  quit 
the  rammer,  while  1  pricks  tho  cartridge  to 
ascertain  if  it  is  home,  and  gives  notice  to  4. 
3  faces  the  ship's  side ;  4  springs  the  rammer, 
and  lays  it  quietly  across  the  lireeching ; 
turns  it;  3  and  4  step  out  together; 
throw  tho  Hide-tackle  &11b  to  the  rear. 


KOTl!.— When 

5  enlei-6  shot  and  v 

When  ''  eilren. 
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The  cap  is  never  to  be  taken  off  tin\il  the  shell  has  bera  entered  a  short  wmj  into  the 
bore ;  with  high  elevationsi  or  when  rolling,  care  should  be  taken  that  the  shell  does  not 
slip  down  the  bore,  before  this  is  done. 

The  fiizes  of  percussion-shells  have  no  caps ;  these  shells  are  brought  up  as  before^ 
entered  fuze  outwards,  and  rammed  home  as  a  shot. 

Although  guns  should  never  remain  loaded  without  a  junk-wad  between  the  cartridge 
and  shot,  it  is  unnecessary,  when  in  action,  to  put  in  a  wad  after  the  cartridge ;  bat  a 
grummet-wad  is  always  to  be  put  in  (with  the  crossing  outwards)  after  the  shot.  Guns 
fiJiould  never  remain  loaded  longer  than  necessary,  as  the  cartridge  quickly  deteridntes 
from  damp. — ^If  the  gun  is  to  be  double-shotted,  no  wad  is  to  be  placed  between  tiiem : 
when  loading  with  round  and  case,  or  grape,  the  round-shot  is  to  be  put  in  fiist.  The 
men  are  to  ^  frequently  exercised  in  loading  with  a  dumb  cartridge,  shot,  and  wad. 


Run  out. 


f     All  tlie  No8.  man  the  side-tackles,  except  the 

right  rear-man,  who  attends  the  train-tackle, 

and  1,  who  keeps  the  gun  bearing  on  the  object. 

When  the  gon  is  out,  5  and  6  ooil  down  the 

side-tackle  Mis. 


Note.  — Should  there  be  much  motion,  or  the  ship  have  much  heel,  the  right 
man,  when  working  lee-guns,  is  to  reeve  the  end  of  the  train-tackle  fall  up  throu^  the 
train -tackle  bolt  in  the  deck,  that  he  may  be  better  able  to  check  the  gun  from  going  oat 
too  violently ;  the  left  rear-man  is  to  assist  him  when  necessary.  When  the  rear^tmdcs 
are  off,  the  handspikemen  should  work  with  their  handspikes  under  the  arm  of  the  axletree, 
to  diminish  the  fiiction  in  running  out. 


MiSS-FIBB. 


Shift 
tbigoeb-ldtbs. 


Burnt  pbimino.    "* 


Lock  Practice, 

"  No.  2  half-cocks  the  lock ;  1  comee  np  to  the 
left  of  the  gun  clear  of  the  rear  axletree,  makes 
up  the  trigger-line,  lays  it  across  the  neck-ring, 

.replaces  the  tube,  and  retires. 

^  No.  2  half-cocks  the  lock ;  1  comes  np  to  the 
left  of  the  gun  clear  of  the  rear  axletree,  makes 
np  the  tri^er-line,  lays  it  across  the  neck-ring, 
examines  the  vent  with  the  priming-wire,  if  foni, 
asks  2  for  the  vent-bit;  the  vent  being  dear, 
primes,  and  retires. 

r     No.  2  half-cocks  the  lock ;  1  comes  up  to  the 
J  rear  of  the  gun,  takes  out  the  tube,  puts  in  a 
[  vent-plug,  and,  assisted  by  2,  shifts  the  trigger- 
V.  line,  primes,  and  retires. 


Note. — If  the  trigger-line  is  to  be  shifted  whilst  the  gun  is  being  loaded,  2  shifts  the 
tiigger-line,  and  1  serves  the  vent. 


Shift  locks. 


No.  2  half-cocks  the  lock;    1  comes  np  to 
the  rear  of  the  gun,  makes  up  the  trigger-lmdy 
lays  it  across  the  neck-ring,  takes  out  the  toh 
puts  in  a  vont-plug,  and,  assisted  by  2,  d 
the  lock,  priraop,  and  retii'os. 
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{No.  2  ha 
rear  of  the 
it  acroes  tl 
ptite  in  a  T 


Note. — WbcDever  thii  order  it  giren,  the  gons  if 
unloa  ordered  to  line  ooatraiy. 

"Run  a." 


No,  2  half-«ock8  the  lock ;  )  cornea  up  to  the 
"up  the  trigger-liie,  laya 
the  neck-ring,  takes  out  the  tube  and 
ptite  in  a  yent-plug. 

an  to  be  loaded  and  nm  out. 


The  gnns  are  to  he  wormed,  sponged,  and  Uie 
Tonts  bored  down.  The  captains  of  the  gons 
then  give  the  word  "Sponge  again,"  holding 
their  fitces  over  the  -vents  to  ascertain  diat  the 
air  passes  freely  thiongb  them. 
Squaxx  in  teb  Posts,  Bun  out." 


8eev,rmg  Qvm». 
No.  1  gives  the  word  "  Elevate,"  takes  out  the 
coin,  and  places  the  paits  of  the  train-tackle  under 
the  casoable ;  2  nnhooks  and  overhauls  the  train- 
tackle  ;  3  and  4  put  in  the  tompion,  haul  up  the 
half-port,  secure  the  side-tackles,  and  hook  the 
train-tackle  to  the  eido-tackle  bolts;  5  and  6 
seize  the  breeching  and  assist  in  securii^  the 
tackles;  stationary  powderman  returns  the 
powder,  and  tlie  extra  one  swabs  the  deck. 

be  reodered  tliroogh  to 


iN-BOAItD. 

BECtrsE  THB  otr 


No.  1  gives  the  word  "  Itun  in,"  then ."  Ele- 
vate," takes  out  the  coin,  throws  back  depression 
chock,  and  sees  the  gun  laid  square  between  the 
housing-bolts ;  2  prepftrca  the  train-tacklo  and 
superintends  bousing  taut  the  frappings  under  1 ; 
3  and  4  put  in  the  ttimpion  and  pass  the  muzzle- 
lashiiig ;  5  and  '3  render  the  breeching  through 
the  clinch,  elap  on  the  quaitor-seizingH,  pa&a  tho 
frapping-tums  ready  for  bousing,  and  prepare 
tho  Bide-tackles  for  frapping  and  securing  ;  sta- 
tioniirTrpiiivili'iTiiJiri  ri>iiini-i  tho  powder,  and  the 
■  esti«  one  i-ivi.iL-.  -.Iju  ■l.-i.k. 
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Method  cf  pamng  the  Lashings. 

The  miizzle-lashmg  is  spliced  into  the  after  eye-bolt,  four  tarns 
are  passed  from  in,  out,  towards  the  ship's  side,  and  a  half-liitch 
taken  round  all  the  parts  close  up  to  the  after  eye-bolts  ;  the  end  is 
expended  in  frapping -turns  down  towards  the  muzzle,  boufied  well 
taut,  and  stopped. 

The  breast-frapping  is  rove  with  a  running  eye  rotind  the  after- 
part  of  the  breeching,  about  18  inches  from  the  horns  of  the  carriage ; 
three  turns  are  passed  over  the  breeching  forward,  and  tinder  aft, 
towards  the  carriage,  and  boused  well  taut ;  then  three  turns  over 
the  gun,  hauled  hand  taut  and  frapped,  commencing  close  up  to  the 
gun;  the  end  is  expended  in  frapping-tums,  down  towards  the 
breeching,  boused  well  taut,  and  stopped. 

The  side-tackles  are  hooked  to  the  side-loops  in  the  carriage  and 
the  side-tackle  bolts  in  the  ship's  side,  hauled  hand  taut  and  hitched 
to  their  own  parts,  about  a  foot  from  the  horns ;  the  foremost  fs^ll  is 
passed  imder  the  after  side-tackle,  and  oyer  the  foremost  one  towards 
the  ship's  side,  and  boused  well  taut ;  the  after  fisJl  is  parsed  towards 
the  carriage,  hauled  hand  taut,  and  stopped. 

The  train-tackle  is  hooked  on  the  foremost  side  of  the  gun,  to  the 
rear  loop  in  the  carriage,  and  to  the  side-tackle  bolt  in  the  ship'f 
side,  hauled  hand  taut,  hitched,  and  the  Ml  passed  as  the  after  side 
tackle ;  the  coin  is  placed  between  the  parts  of  the  frappings. 

Note. — ^The  apron  is  immediately  pat  on  by  1,  as  the  lock  is  rerj  liable  to  be  injnz^d 
by  the  train-tackle  fall  in  securing.  The  tompion  is  not  to  be  put  in  till  the  gtms  ar« 
laid  in  the  housing  positi<»i,  and  no  man  is  to  pass  his  arm  over  the  muzzle  of  the  gun 
till  it  is  so  placed.  No.  1  is  answerable  that  the  gun  is  not  let  down  into  the  houaiiig 
position,  while  ibsxe  is  risk  to  any  man,  from  being  between  its  muzzle  and  the  upper 
port- sill. 

Great  care  most  be  taken  that  at  least  2  inches^  of  the  &ces  of  the  muzzles  of  all  guns 
house  against  the  ship's  side. 

When  the  gun  is  secured,  the  Captain  of  the  gun  must  examine  all  the  im{demente, 
and  report  particularly  to  his  Officer  the  state  in  which  he  6nds  them.  That  Officer  is  to 
cause  every  deficiency  to  be  made  good,  and  see  that  all  the  implements  are  carefullj 
replaced  in  the  different  situations,  ready  in  all  respects  for  further  use,  when  wanted. 

N.B. — During  the  Second  Instruction  the  men  shoidd  be  put 
through  the  1st  part  of  the  Pointing  Practice,  and  should  also  fire 
from  a  boat  in  motion. 


THIBD   INSTRUCTION. 


REMARKS  ON  THE  DIFFERENT   FIRINGS. 

Independent  Firing. 

By  this  is  meant,  firing  the  guns  independently  of  eadi 
each  Captain  of  a  gun  seizing  the  most  &YOiirable  oppo^ 
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This  firing  ahould  always  be  used  in  Aotion  (unless  ordered  to  the 
contrary)  wlienever  the  object  is  ■visible,  the  smoko  from  one  gun 
not  greatly  impeding  the  firing  of  another. 

(Sm  Detail  Ibr  Independent  nring.) 

Firing  in  Succesaion. 
By  this  is  meant,  firing  one  gnn  ai^r  another  in  regular  order, 
commencing  from  the  foremost  or  after  gnn,  according  as  the  wind 
is  blowing  fixini  ajl  or  forward.  This  firing  may  be  naed  with 
advantage,  whenever  a  continuous  steady  fire  is  desired,  as  the  emoke 
from  one  gun  will  not  impede  the  firing  of  the  next. 

Quick  Firing. 
By  this  is  meant,  rapid  independent  firing,  the  tangont-eight  not 
being  raised.     This  firing  should  be  used  when  close  alongside  an 
enemy,  aa  then  but  little  pointing  would  he  required. 

(See  Detail  for  Quick  Firing.) 


Broadside  and  Dtvixional  Firing. 

By  this  ia  meant,  firing  the  whole  broadside  or  a  division  of  guns 
simultaneously,  by  order.  Broadside  firing  should  bo  used  when 
tho  smoke  hangs  about  the  ship  for  some  time,  and  Divisional  firing 
when  the  smoke  clears  away  at  shorter  intervals,  as  then  the  firo 
would  be  more  continuous.  Broadside  or  divisional  firing  ooiild 
also  be  used  with  greater  advantage  within  a  moderate  distance 
lo  foi-ts  than  independent  firing,  from  the  increased  con- 
1  caused  by  a  number  of  shot  striking  at  the  same  moment. 
In  divisional  firing,  each  deck,  or  the  half  of  each  deck,  should  bo 
considered  as  a  division  according  to  circnmstancos. 

(See  'Guide  on  Drilling  Quarters,'  pnge  97,  ns  lo  the  mode  of  eonducting  this  firing.) 

Concentrated  Firing. 
By  this  IB  meant,  SttotEBB^  previously  laid  by  tho  aid  of  lines 
or  biitt^its,  so  that  ths  jA(|^HHMMJ|^^^tl>er  at  a  given  dititjince. 
Tliis  firing  ironU  bft|^^^^^^^^^^HpkiC*toDke  or  darkness, 
the  iihin<-t  bninc  vi^lVitnl^^^^^^^^^^BftlHiinBiit-head,  and  may 
bo  UFC'l    ■'  ■■    -■■'--  ■■■*  "f  concentration, 

but  ihii   .  whieh  the  shot 
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DETAILS. 


In  Independent  Firing. 

No.  1  raises  the  tangent-sight  according  to  the  charge  and  dis- 
tance named,  lays  the  gun  for  the  object,  and  gives  the  word 
"Beady"  as  soon  as  the  elevation  is  correct,  keeping  the  direction 
on  with  the  handspikes,  and  taking  care  not  to  fire  till  the*  side- 
tackle  fidls  are  clear. 

Note. — The  gun  is  to  be  sponged  and  loaded  without  orders,  and  when  the  distance 
remains  the  same,  the  bed  and  coin  should  be  chalked,  after  the  gon  is  once  carefiilly 
laid;  by  this  means  time  will  be  saved  in  firing,  as  2  will  replace  the  coin  to  the  chalk- 
mark  whilst  the  gun  is  being  loaded,  and  No.  1  will  fire  when  the  motion  brings  the 
object  on  with  the  points  of  the  sights ;  but  if  the  heel  jor  distance  should  alter,  the  gun 
must  be  relaid  by  sight. 

In  action  or  exercise  the  guns  are  to  be  wormed  every  4th  round,  and  invariably  to  be 
loaded  and  run  out  after  the  last  round,  unless  ordered  to  the  contrary. 

In  Quick  Firing. 

No.  1  sees  the  gun  laid  horizontal  and  run  out  for  the  object, 
primes  as  the  gun  goes  out,  taking  care  not  to  cock  the  lock  till  the 
muzzle  is  clear  of  the  port-sill,  and  not  to  fire  till  the  side-tackle 
falls  are  out  of  hand. 

The  only  words  of  commands  to  be  given  are,  "  Run  in,'*  **  Eun 
out,"  and  *'  Beady."  2  chalks  the  bed  and  coin,  and  the  guns  are 
relaid  whilst  loading. 

Note. — But  if  the  object  is  before  or  abaft  the  beam,  and  the  gun  cannot  readily  be 
run  out  for  the  object.  No.  1  is  to  give  the  word  '*  Point,"  in  order  to  get  the  direction  <m, 
before  giving  the  word  "  Beady,"  fidling  back  with  the  lock  half-codced. 

The  gun  is  to  be  sponged  and  loaded  without  waiting  for  orders,  and  the  rear  Nos.  are 
to  coil  the  side-tackle  mils  in  their  hands  as  the  gun  goes  out. 

LOWER-DECK  EXERCISE. 

Before  commencing,  the  guns  should  be  run  in^  and  the  ports 

lowered. 

In  Lower-Deck  Exercise,  No.  1  sees  the  gun  laid  horizontal  and 
square  in  the  port,  primes  as  the  gun  goes  out,  taking  care  not  to 
cock  the  lock  till  the  word  "  Trice  up,"  and  not  to  fire  till  the  port 
is  clear  of  the  explosion ;  2  attends  the  port-tackle  fall ;  3  and  4 
shift  the  side-tackles  to  the  quarter-bolts. 

At  the  word  "Trice  up,"  2,  7,  8,  9,  and  10  haul  up  the  port, 
3  and  4  bear  it  out  with  the  handspikes.  The  side-tackle  falls  are 
kept  in  hand  till  the  word  **  Ready,"  the  rear  Nos.  keeping  the  ends 
coiled  up ;  when  the  gun  is  in,  hath  rear-men  who  attend,  hitch  the 
train-tackle.  2  chalks  the  bed  and  coin,  and  the  guns  are  relaid 
whilst  in  (first  for  th^  scuttle,  and  after  the  gun  is  loaded^  horizontal). 


Sect.  V.  GREAT-GUN  EXERCISE.  509 

Note. — As  "  Lower-Deck  Bxercise**  is  meant  for  working  guns  in  a  sea  with  much 
motion,  the  rear-trucks  should  he  taken  off  and  'the  side-tackles  hooked  to  the  quarter- 
bolts  to  steady  and  train  the  guns.  When  the  gun  has  recoiled,  and  the  port  is  lowered, 
1  trains  the  gim  to  admit  of  the  staiT-sponge  being  used  through  the  scuttle.  If  the  order 
is  given  **  With  staff-sponge.  Sponge,"  3  (at  the  caution  **  With  staff-sponge  ")  Opens  the 
scuttle,  taking  care  to  close  it  when  the  gun  is  loaded.  As  soon  as  the  gun  is  relaid, 
No.  1  gives  the  word  "  Haul  taut,"  when  the  gun  is  to  be  run  out  till  the  mu2zle  is  close  - 
to  the  port ;  he  then  waits  for  the  oixier  "  Trice  up,"  anA  fires  when  the  port  is  clear, 
without  running  the  gun  further  oitt.  9  and  10  assist  with  their  handspikes  in  running 
out,  then  pass  them  to  3  and  4,  and  man  the  port- tackle  fall. 

When  the  rope-sponge  is  used,  6  holds  it,  with  the  sponge-head  in  his  right  hand,  and 
rammer-head  in  his  left.  On  the  sponge  being  withdrawn  by  4,  6  passes  the  rammer-head 
on  his  left,  and  behind  him,  so  as  to  hold  the  rammer-head  in  his  right  hand,  and  sponge- 
head  in  his  leftf  ready  for  4  to  use  the  rammer  in  loading.  Both  rear-men  are  to  attend 
the  ti:ain-tackle,  and  the  end  of  the  Ml  is  to  be  rove  up  through  the  train-tackle  bolt  on 
the  opposite  side  of  the  deck  when  practicable. 

When  clearing  for  action,  "  Lower- Deck  Exercise,"  the  gun  is  to  be  run  into  a  taut 
breeching,  and  the  tntin-tackle  hitched,  before  elevating. 

The  above  exercise  is  only  applicable  to  close  action  in  a  sea  way. 

Arrangement  for  Fighting  both  Sides. 

When  necessary  to  fight  berth  sides,  the  whole  of  the  guns  are  to 
be  manned  and  worked  with  "  Half  crews  "  (as  in  Casting  loose) ; 
but  if  from  casualities  or  other  causes  this  is  not  practicable,  the 
Eight  guns  should  be  left  in  after  the  first  round,  and  the  Left  guns 
manned  and  worked  with  whole  crews. 

Note. — In  action  or  exercise,  the  working  with  "  Half  crews  **  should  not  be  cootioued 
beyond  3  or  4  rounds,  as  after  this,  owing  to  casualties  and  the  £i&tigue  of  working  on  this 
plan,  the  firing  would  be  more  efficiently  kept  up  by  working  every  other  gun. 

Securing  a  Qunfor  Non-Becoil. 

In  close  action,  and  when  the  crews  are  so  reduced  as  not  to  be 
able  to  work  the  guns  in  the  usual  manner,  it  may  sometimes  be 
advantageous  to  fire  the  guns  secured  as  follows : — 

Eun  the  gun  out  so  as  to  bring  the  muzzle  over  the  centre  of  the 
lower  port-sill,  and  shorten  the  breeching  up  to  this  position ;  then 
run  the  gun  taut  in,  and  hitch  the  train-tackle,  take  off  the  rear- 
trucks,  pass  the  breast  frapping  round  the  breeching  as  taut  as  pos- 
sible, and  chock  the  fore -trucks  before  all.  The  side-tackles  are 
not  required. 

The  muzzle  of  the  gun,  when  in  its  proper  position  for  firing, 
should  be  about  flush  with  the  inner  part  of  the  port,  the  gun  is 
then  laid  horizontal  and  fired.  After  every  three  or  four  roimds, 
the  train-tackle  should  be  re- secured,  or  the  breast-frapping  re- 
passed, so  as  to  keep  the  breeching  perfectly  taut. 

It  has  been  proved  that  a  gun  may  be  loaded  and  fired  on  this 
plan  with  reduced  charges  and  single  shot  without  injury  to  the 
breeching,  and  that  three  or  four  men,  for  the  heaviest  description 
of  guns,  are  sufficient. 
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Part  IV. 


Shift 

BRESCHINOS. 


Shifting  Breechings, 

Nos.  9  and  10  hitch  \hQ  side-tackles;  right 
rear-maa  the  tram-tackle ;  3  and  5  (or  4  and  6) 
take  off  the  seizing,  cast  ofif  the  hitch,  open  the 
clinch,  and  nnreeve  the  breeching ;  2  and  1 1 
bring  the  spare  breeching  up  to  the  side  of  the 
port,  opposite  the  old  clinch,  reeve  it  through 
the  breeching-ring,  through  the  clinch,  and  point 
the  end  through  the  neck-ring;  handspikemen 
and  rear-men  haul  it  through.  1  sees  the 
breeching  properly  secured,  and  takes  care  that 
his  gun  is  so  placed  as  not  to  interfere  ^th  the 
I  training  of  adjacent  guns. 

Nos.  3,  4,  5,  and  G  sponge  and  load,  and  7,  8, 
9,  and  10  take  their  duties  in  shifting  breech- 
ings,  whilst  so  employed. 

Note. — ^The  breechings  are  to  be  rove  with  an  inside  clinch  from  right  to  left,  if  with 
a  2&/^-handed  rope,  and  the  reverse  with  a  rt^A^-handcd  rope.  Ab  soon  as  the  end  of  the 
spare  breeching  is  rove  through  the  opposite  ring-bolt,  No.  1  gives  the  word  *'  Run  out," 
to  bring  the  muzzle  over  the  inner  part  of  the  sweep-piece,  so  that  3  or  4  may  fbnn 
the  hit<^ ;  when  the  hitch  is  formed.  No.  1  again  gives  the  word  "  Run  out,"  and  laja 
the  gun  for  the  object,  taking  care  not  to  fire  till  3  or  4  indicate  that  the  seizing  is 
secured. 

Extreme  Training. 

Nos.  3  and  5  (or  4  and  6)  shift  the  side-tackle 
to  the  bolt  of  the  next  port ;  6  keeps  sponge, 
rammer,  and  worm  in  a  line  with  the  gun,  right 
rear-man  the  train  tackle,  handspikemen  assiflt 
with  their  handspikes ;  the  rest  of  the  Nos.,  ex- 
cept 3  or  4,  man  the  right  or  left  side-tackle. 

Note.— No.  8  or  4  should  give  a  signal  with  the  hand  when  the  side-tadde  is  hooked. 


Spongb,  load, 
and  shift 

BBEEOmKGS. 


{ 


extbebce  train, 

Muzzle  bight 

(OB  lkpt). 


Squabe  the  OUN.  h 


^  Nos.  3  and '5  (or  4  and  6)  shift  the  side-tackle 
to  the  quarter  bolt;  6  keeps  sponge,  rammer, 
and  worm  in  a  line  with  the  gun,  right  rearman 
the  train-tackle,  handspikemen  assist  with  their 
handspikes ;  the  rest  of  the  Nos.,  except  3  or  4, 
man  the  right  or  left  side-tackle ;  1  looks  out  tQl 
the  dispart  is  on  with  the  centre  of  the  port,  and 

I  gives  the  word  "Well,"  "  Muzzle  right"  (or  left), 

NoTK. — Id  squaring  the  gim,  1  is  to  take  up  a  position  abreast  of  the  port,  to  eoablt 
him  to  bring  the  dispart  on  with  the  centre  of  it.  In  extreme  training  or  squaring  the 
gun,  No.  1  renders  the  breeching  about  18  inches  through  the  span  and  neck-ring;  the 
left  rear-man  or  No.  2  coils  up  the  side-tackle  fall,  and  at  the  word  '*  Well "  gives  H  to 
7  or  8,  who  put«  it  on  the  deck  after  the  side-tackle  is  shifted  back ;  the  gun  is  then 
relaid,  if  necessary. 
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Staiiona  for  Extreme  Training. 
Masilc  n<ghl.  I'jj-.  eo.  Mm^zIi  Left, 


INSTEtFCTIONS  FOE  A  SIMULTANEOUS   CONCENTBATED   FIRE. 

"  The  linea  should  always  he  hooked  on  at  the  porta  directly  after 
casting  loose" 

The  bearing,  heel,  and  distaiice,  having  been  given  from  tbo 
upper  deck,  the  officers  of  the  different  diviflions  of  gttcs  will  name 
the  elevation  or  depression  to  be  given  by  marked  coin  (allowing 
for  the  distance  and  heel),  together  with  the  bearing,  and  then  give 
the  order  "  Lay  the  guns;"  on  which  the  Nos.  1  aie  to  give  the 
orders  for  training,  holding  the  lines  iinmediateiy  under  tbo  marks 
overhead,  denoting  the  bearing,  and  the  guns  are  to  be  trained  till 
the  sights  are  parallel  to  the  lines:  Kos.  1  then  give  the  word 
"  Elevate,"  and  direct  2  to  givo  the  guns  the  required  elevation  or 
depression,  making  the  lines  last  to  hooks  overhead ;  they  then 
resome  the  trigger-lines,  and  wait  steadily  for  the  ord«8  "Bmdy," 
"  Fire,"  whioh  are  to  be  given  by  thu  Officer  a 

Note. — A  yereon  slioulJ  be  naUonol  iit  tlir  tub*  hi 
rupart  when  the  guns  an  Inid,  nod  to  ivpeaL  IJ 
Inslniidiiin  on  Connn  tinting,  uiii  thtiue  of  U 

The  aboTe  mflliDd  of  laying  g 
of  tingle  gune,  bo  long  u  tlie  dSi 
benriiig ;  Uie  onlj  onkri  n  _ 
as  the  olKuira  of  the  ilLtTa-enl  di 
eleyation  or  depre^DD . 

Or  vhen  rolling  pu^  the  0 
j  udge  when  the  ship  coinfl  co  n 
be  attempted  at  ihort  dlitaBDa. 
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Part  IV. 


Dismount  thb 

GUN. 


Demounting  and  Mounting. 

No.  1  gives  the  word  "  Rnn  in,"  then  "  Ele- 
vate," takes  out  the  coin,  throws  back  depresedon- 
chock,  and  sees  the  gun  laid  square  between  the 
housing-bolts ;  2  prepares  the  train-tackle,  hookB 
it  to  the  runner,  and  lowers  the  gun ;  3  and  4 
pass  the  muzzle-lashing;  7  and  8  take  out  the 
keys,  throw  back  the  cap-squares,  unhook  the 
side-tackles,'and  see  the  carriage  clear ;  rear-men 
provide  and  hook  the  runner. 

When  the  muzzle-lashing  is  paased,  1  gives 
the  word  ''  Dismount,"  and  all  the  Nos.  man  the 
train-tackle,  except  1,  3,  4,  and  the  handspike- 
men;  3  and  4  remain  at  the  muzzle-lashing 
until  all  parts  bear  an  equal  strain ;  handspike- 
men  assist  until  of  no  farther  use,  and  then  go 
to  the  train-tackle. 

Mount  thb  gun.    {      Everything  will  be  replaced  by  the  same  Noo. 

Note. — ^When  ordered  to  *'  Dismount,"  No.  1  makes  up  the  trigger-line  loimd  the 
lock,  attends  the  coin  to  assist  the  handspikemen,  leaves  it  on  the  bed  ready  for  mounting, 
and  when  the  gun  is  high  enough,  gives  the  order  *'  Well  I  Ran  the  carriage  back,"  be 
then  replaces  the  depression-chock. 

Securing  with  a  Double  Breeching. 

The  spare  breeching  is  rove  through  the  spare  ringbolt  on  the 
side  of  the  port,  opposite  the  clinch  of  the  standing  breeching ;  the 
end  passed  up  between  the  side-tackle  and  bracket  on  one  side,  then 
under  the  cascable,  and  down  between  the  side-tackle  and  bracket 
on  the  other  side,  and  secured  to  the  other  spare  ringbolt,  i«Ai»ig 
the  after  side-tackle  fsdl  for  a  frapping,  and  the  train-tackle  to  bouse 
it  taut ;  the  train-tackle  is  then  hooked  as  in  securing  inboard,  and 
the  fall  passed  round  the  after  part  of  the  spare  breeching,  instead 
of  round  the  after  side-tackle. 


Securing  tvith  a  Stout  Hawser. 

One  end  is  lashed  abaft  to  one  of  the  spare  ringbolts  in  the 
side,  the  bight  passed  under  the  cascables  of  all  the  gunSy 
hand-taut  forward  and  lashed ;  the  train-tackles  are  hooked  ♦* 
quarter-bolts  between  every  two  guns,  and  to  a  strop  loniK 
hawser ;  the  falls  manned  and  boused  taut  together,  the  ends 
pended  round  the  hawser  and  through  the  quarter-bolts. 
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INSTRUCTIONS    FOR   THRQ-WING   LOWER-DECK   GUNB   OVERBOARD, 
WTTH    20   MEN    TO    EACH,    OR   DPWARDS. 

No,  1  provides  a  nhort  strop,  to  be  placed  under  the  neck  of  t.iie 
gun ;  9,  10,  11,  and  12,  two  capstan-bars,  and  attend  them;  3  and  4 
attend  port  lanj'srdB,  ^Vllen  cast  loose,  lay  the  gnn  horizontal,  and 
ease  it  out,  so  that  the  muzzle  may  be  just  clear  of  tho  inside  of  the 
port, — Two  side-tackles  are  to  be  hooked  to  the  strop  under  the 
neclt,  and  to  the  housing-bolts,  hauled  well  taut,  and  kept  manned  ; 
7  and  8  throw  back  the  cap-squares,  and  then,  with  2,  man  the 
port-tackle  falls.  A  train-tackle  is  to*  be  hooked  to  each  rear  loop, 
and  to  the  train-tackle-bolt  in  the  deck,  hauled  taut,  and  attended 
by  17,  J*,  19,  and  20,  The  breeching  is  to  be  nnrove,  When 
ready,  1  looks  out  for  the  roll,  and  gives  the  order  "  Heave  and 
haul";  when  the  side-tackles  are  hauled  upon,  the  capstan-bars 
hove  iipon,  and  the  carriage  eased  out  by  tho  train-tackles ;  the 
port  being  hauled  up  at  the  same  time.  When  the  gun  is  clear,  tlie 
port  is  to  be  barred  in.  The  capstan-bars  are  used  with  the  small 
ends  tinder  the  gun. 

Note.— In  aae  of  n  ship  geltiug  on  shore,  and  it  being  necessary  to  throw  the  gnn* 
orerboiinl  to  lightea  her,  tho  brecclimgi  coold  b«  uied  (or  widghuig  them,  by  secaiiig  the 
clinch  to  the  hutton,  and  lashing  the  breediuig  to  the  chase,  niing  the  brenst-frapping  at  n 
buoj-ropc,  with  a  tmck  for  a  buoy. 


I 


OBOANIZATION    OF    9EAMEN    FOR    LANDING    TO   ACT    WITII 
TROOPS   ON    BHORE." 

536.  The  following  rules  are  extracted  from  the  'Inetnictioiis 
for  the  exercise  of  Small-arms,  Field -pieces,'  &c.,  set  fortlt 
by  the  Admiralty  for  the  iise  of  Her  MojcEty's  ehipg. 

As  the  efficiency  of  Seamen,  when  landed  in  any  considetable 
number,  depends  most  materially  upon  a  proper  system  of  oignniza- 
tion  and  training  previous  to  their  being  landed,  and  without  which 
they  are  inefficient,  the  following  system  ia  to  be  rtriotly  observed 
in  all  ller  Miijesty's  Shipa : — 

1st,  The  f      "■  "      '- 

men,  with  3  Pet^.C 
Lieutenant,  ^  ""  "" 

2.  Eroiy  i 
drilled  a 
halfaOoi 

3rd,  TIw^ 
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pany  is  to  be  told  off  into  Subdivisions  and  Sections,  and  to  be  ex- 
ercised in  such  movements  as  are  absolutely  necessary  to  manoenvre 
a  Company,  by  the  Ofl&cers  who  are  appointed  to  command  them. 

4th.  The  Companies  when  landed  are  to  fall  in  aud  number  from 
the  right,  according 'to  the  seniority  of  the  Captains  of  their  re- 
spective Ships,  Flag  Ships  being  No.  1  and  2,  so  that  they  at  once 
will  fall  into  their  places  according  to  their  numbers  when  landed : 
each  Ship  of  the  Lino  is  to  be  prepared  to  land  with  their  Small-aim 
men,  6  Pioneers,  viz.j  2  with  a  saw  and  axe  each,  2  with  a  pickaxe 
and  spade  each,  2  with  a  small  crowbar  and  sledgehammer  ;  Frigates 
will  send  3,  and  Sloops  1 ,  the  tools  to  be  slung  on  the  men's  backs. 

5th.  When  landed  for  service,  each  man  is  to  have  60  rounds  of 
ammunition,  each  Ship  is  to  send  a  Bugler  with  her  men  if  she  has 
one ;  he  is  to  be  able  to  sound  the  "  Assembly,"  the  *•  Betreat," 
"  Commence  Firing,"  "  Cease  Firing,"  "  Close,"  and  "  Extend,*' 
which  sounds  the  men  are  to  be  accustomed  to  on  board. 

6th  If  the  men  are  likely  to  be  on  shore  during  the  night,  they 
should  have  a  havresack  and  blanket  slimg  across  their  shoulders. 

7th.  As  muskets  are  apt  to  miss  fire  the  first  time,  if  not  properly 
clean,  the  greatest  precaution  is  to  be  taken  to  see  that  the  nipple 
is  perfectly  clear  before  loading ;  first,  by  blowing  down  the  baxrel 
and  placing  the  finger  to  feel  if  the  air  passes  through  the  nipple, 
and  afterwards  by  snapping  a  cap  off  to  dry  up  any  oil  or  moistuie 
that  may  be  in  the  barrel. 

8th.  When  Field-pieces  are  landed,  the  guns  are  to  be  brigaded 
together  according  to  their  calibre,  numbering  from  the  right  in  the 
same  manner  as  a  Company. 

9th.  Eine-of-battle  Ships  should  send  an  Armourer  with  cleaning- 
rods,  screwdrivers,  spare  nipples,  &c. 

10th.  When  firing  in  close  order  the  front  rank  should  fire  kneel- 
ing^ as  owing  to  the  shortness  of  muskets  accidents  are  frequently 
taking  place. 

Scale  of  Companies  to  he  sent  from  each  Ship, 

Line-of-Battle  Ships,  2  Companies  of  80  men  each. 

Frigates 1  Company         ,,  „ 

Sloops i .  ,,  „  „ 

10  (companies  to  form  a  Battalion. 


INSTRUCTIONS   FOR  LANDING  SEAMEN,    MARINES,  AND   FISUV 
riECES,    FOR   EXERCISE   OR   SERVICE  ON   SHOBE. 

1.  The  boats  should  bo  formed  in  divisions  acording  to  ^ 
niority  of  the  Captains  of  their  respective  ships,  numbeij 
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No.  1  on  the  right.  The  Seamen  and  Marines  shonld  be  told  off  in 
Companies  previous  to  leaving  their  ships,  and  on  landing  they  will 
form  immediately  in  the  same  order. 

The  Field-howitzers  should  be  mounted  as  Boats'-guns,  the 
Field-carriages  and  limbers  being  stowed  in  the  bottom  of  the 
boat.  The  crew  should  be  told  off  to  their  respective  duties  for 
landing  gun  and  limber,  9  men  being  stationed  to  the  gun  and 
the  remainder  to  the  limber.  On  the  boat  touching  the  beach,  the 
Gun  Nos.  should  immediately  jump  out,  mount  the  carriage,  and 
run  it  up  to  the  bows  to  receive  the  gun,  which  should  be  hoisted 
out  by  small  sheers,  or  by  a  tackle  hooked  to  a  strop  half  way  up 
the  mast ;  but  in  the  case  of  surf,  the  gun  should  be  thrown  over- 
board, and  hauled  on  the  shore  by  a  hawser  or  drag-ropes.  The 
limber  and  limber- boxes  should  be  passed  out  by  hand;  when 
landed,  the  gun  is  to  be  limbered  up,  or  brought  at  once  into  action, 
according  to  circumstances. 

2.  Each  division  of  boats  should  have  a  distinguishing  flag. 
Launches  will  carry  two  scaling-ladders,  intrenching  tools,  &c. ; 
barges  and  pinnaces,  one  ladder  each. 

3.  The  boats  will  always  land  a  boat's-length  apart  Before 
leaving  the  ships,  four  boat-lepers  for  each  gunboat,  and  two  for  the 
others,  with  an  officer  in  charge  of  each  division  of  boats,  are  to  be 
told  off,  and  are  on  no  account  to  leave  them. 

A  feust-pulling  boat  with  Medical  Officers  will  attend  in  rear  of 
the  line. 

4.  Should  the  distance  from  the  point  of  landing  be  considerable, 
the  boats  of  each  division,  in  tow  of  each  other,  commencing  with 
the  lightest  boats,  wiU  pull  in, — the  leading  boat  of  each  division 
abreast,  leaving  space  for  the  whole  to  form  line  abreast  when  or- 
dered ;  on  approaching  the  beach,  the  tow-ropes  should  be  cast  off, 
and  the  gunboats  dress  up  in  line,  ready  to  open  fire  if  necessary  to 
clear  the  beach.  The  Officer  in  command  will  commence  firing  from 
the  gunboats  when  he  thinks  fit,  but  no  musketry  is  to  be  fired  with- 
out orders. 

5.  ^\'hen  the  Commanding  Officer  perceives  the  beach  to  be 
cleared  (or  when  he  considers  it  proper),  he  will  order  "  Cease 
Firing,"  and  direct  the  boats  with  Skirmishers  and  light  Field- 
pieces  to  pull  in  and  land  as  quickly  as  possible.  On  landing,  they 
will  immediately  extend,  but  not  open  fire  till  the  Officer  command- 
ing them  sounds  "  Commence  Firing."  The  Main  body  then  pull 
steadily  in  and  land,  forming  line  in  rear  of  the  Covering  party. 
The  Field-pieces  form  on  the  flanks  of  their  own  Divisions,  or  in 
Batteries,  according  to  orders.  The  scaling-ladders  remain  in  rear 
imtil  required  for  service.     The  Main  body  being  formed,  they  will 

2  L  2 
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advance  in  lino  or  column  according  to  circTimstances,  preceded  by 
the  Skirmishers,  firing  if  necessary. 

6.  After  landing,  the  boats  should  be  hauled  off  into  deep  water 
to  prevent  a  surprise,  and  those  with  guns  might  be  employed  on 
the  flanks,  to  cover  the  advance  or  retreat  when  practicable. 

7.  Should  the  boats  be  employed  for  the  disembarkation  of  troops, 
the  same  arrangement  as  to  the  divisions  of  boats  should  remain. 
It  will  then  be  desirable  that  every  boat  should  carry  a  flag  similar 
to  that  of  the  Commanding  Officer  of  its  Division,  and  when  in 
large  numbers  the  boats  should  also  be  painted  according  to  tfao 
colours  of  the  flags,  that  the  troops  may  readily  know  their  own 
boats. 

On  these  occasions  the  launches,  barges,  and  pinnaces  will  fomi 
a  front  line  so  as  to  clear  the  beach,  the  light  boats  will  tow  troop, 
paddle-box  boats,  &c.,  and  be  ready  to  succour  any  boats  that  may 
be  damaged  by  the  enemy's  fire. 

8)  The  re-embarkation  should  be  conducted  on  similar  principles 
to  the  disembarkation ;  the  Skirmishers  and  Light  Field-guns  ex- 
tending in  rear  of  the  line,  which  will  then  **  pass  by  fours  from 
the  right  of  Companies  to  the  rear,"  through  the  intervals,  forming 
line  again  if  necessary  to  support  the  ^Skirmishers,  who  will  retire 
firing,  and  reform  in  rear  of  the  line ;  they  are  again  extended, 
and  so  on  until  the  Main  body  have  embarked.  The  Covering  party 
then  embark  under  cover  of  the  boats'  guns. 

N.B.  The  following  Boatswain's  Calls  will  be  found  useful  ainongst 
Seamen  in  the  event  of  there  being  no  Bugler. 

•*  Extend," "  Pipe  down  or  Veer  Cable." 

"  Close," **  Stand  by  Hammocks." 

**  Commence  Firing,"  ....  "  Lower." 

"  Cease  Firing," "  Belay." 

**  Assembly,"   "  Pipe  to  dinner." 


ON  MANNING  AND  ARMING  BOATS. 

537.  The  following  is  a  list  of  Stores  that  are  required  for 
Boats  when  called  away  "  manned  and  armed,"  with  the  number 
of  OflScers  and  Men  required  for  the  undermentioned  Boats : — 

Launches  pulling  20  oars ;  barges,  pinnaces,  and  paddle-box  boats 
pulling  14  oars ;  cutters  pulling  10  oars,  and  gigs  4  oars. 

Boats'-crews  to  be  armed  with  cutlass  and  rifle;  bowmen,  cox- 
fiwains,  carpenters,  and  gunners  with  cutlass  and  pistol. 
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Nature  of  Stores^  &c. 


Grew  required  in  the  Boat 

Gunner's  Mates,  or  Seamen 
Gunners     ' 

Carpenter's  Grew 

Marines 

Nature  of  Guns    

Priming- Wire  and  Tube-Box  for 
each  Gun 

Spare  Trigger -Line,  Vent -Bit, 
and  Spare  Lock  or  Hammer  . . 

Spare  Breeching 

Sponge,  Rammer,  and  Worm    . . 

Cartridges 

Round  Shot 

Spherical  Case  filled  

Common  Shell  filled   

Common  Case 

Wood  Fuzes 

Set  of  Instruments  for  fitting 
Fuzes 

Tubes  for  each  Gun    

Range-Table    

Muiskets  for  Blue  Jackets 

Ammunition  for  each  Musket  . . 

Percussion-Caps  

Revolver  Pistols 

Cartridges  for  each  Pistol 

Caps  for  Pistols   

Pikes 

Tomahawks - 

Cutlasses    

Blue  Lights 

Rockets 

Water  Baricoes,  full    

Provision  Baricoes  

No.  of  days'  Provisions,  or  ac- 
cording to  circumstances    .... 


Latmdies. 


21 

2 
1 

14 
24.pr.  H' 


1 
1 

1 
48 
24 
12 
12 

6 
30 

1 

80 

1 

18 

60 

2,500 

6 

50 

400 

4 

4 
24 

4 

4 
10-9  gal. 

4 


Bargea, 

Pinnaces, 

Paddle-Boz. 


15 

1 
1 
8 
12-pr.  H' 


1 

1 

1 
48 
24 
12 
12 

6 
30 

1 
80 

1 

12 

60 

1,500 

5 

50 

350 

4 

4 
17 

2  • 

4 
6— 9  gal. 

2 


Cutters. 


11 


8 

60 

1,000 

3 

50 

200 

4 

2 

11 

2 

2 

0—7  gal. 

2 


oigs. 


4 

60 

500 

3 

50 

200 

2 

1 

4 

2 

2 
-7  gal. 

1 


Carpenter's  Bag,  containing 

Fearnought  and  grease,  naOs,  set  of  tools,  strips  of  copper  for  oars, 

corks  for  stopping  musket-holes,  and  other  materials  for  stopping 

leaks. 

BoatsvDain^s  Bag,  containing 

Lead  and  line,  cable-punches  and  cold  ^chisels,  canvas,  palm,  needle 
and  twine,  rounding,  spunyam,  and  marlinespike. 

Boats'-compass,  and  anchor  and  cable  iu  each  boat;  masts  and 
sails,  .2  spare  oars,  spyglass,  signal-book,  ensign  and  answering- 
pendant ;  two  tourniquets,  a  saw,  axe,  and  sheet-lead,  bucket  and 
piggin,  lantern  and  candles,  and  slow-match. 

Note. — When  it  is  cousidered  desirable,  more  ammunition  than  is  here  laid  down 
should  be  sent  away  in  each  boat,  the  powder  being  stowed  in  half  cases. 
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ARMSTRONG  GUN  DRILL. 

538.  The  following  is  a  near  approximation  to  what  the  Exer- 
cise with  the  Armstrong  Gun  wiU  be,  as,  the  mounting  not  being 
yet  fully  decided  on,  modifications  will  necessarily  occur : — 

The  crew  are  assembled  in  the  following  order  : — 

1,  the  Captain,  in  rear  of  the  gun,  facing  the  ship's  side. 

2  on  the  right  of  1,  standing  quarter-face  to  the  gan. 

3  on  the  left  of  1,  standing  quarter-face  to  the  gun. 

4  in  rear  of  2,  5  in  rear  of  3,  and  so  on. 

Providing  Stores,  ^c. 

On  coming  to  the  gun.  No.  1  looks  through  the  gun  to  ascertain 
if  the  grooves  are  free  from  dirt  or  rust,  sees  that  the  copper  rings 
in  rear  of  chamber  and  in  front  of  vent- piece  present  a  smooth  even 
surfece,  and  provides  and  fixes  tangent-scale. 

2  provides  vent-piece,  tube-box,  and  spare  trigger-line. 

3  provides  sponge,  rammer,  and  water-bucket. 

4  provides  spare  breeching  and  fuze-wrench. 

5  and  6  provide  shot  and  handspikes. 

The  following  exercise  is  detailed  for  a  gun  mounted  on  a  "  top 
and  under"  carriage. 

Note. — The  "  top  and  under"  carriage  is  the  same  as  that  at  present  supplied  with 
the  brass  howitzers  for  boats,  with  holes  cut  in  the  brackets  for  the  breeching  to  reeve 
through. 

JSxercise  with  6  Men. 

No.  1,  the  Captain,  commands,  screws  and  imscrews  the  breech, 
attends  tangent-sight,  primes,  points,  and  fires. 

2  attends  vent-piece,  elevating-screw,  and  trigger-line,  and  hooks 
on  tube. 

3  runs  out,  trains,  sponges,  and  rams  home. 

4  runs  out,  trains,  sponges,  enters  shot  or  shell  and  cartridge, 
and  sets  the  fuze  under  the  dii-ection  of  No.  1. 

5  runs  out,  and  attends  handspike. 

6  runs  out,  gives  shot  or  shell  to  4,  and  attends  handspike. 
•    Powderman,  suppHes  4  with  cartridge. 

These  Nos.  will  be  increased  as  necessary  according  to  the  weight 
of  the  gun,  and  their  duties  will  be  modified  by  the  manner  of 
mounting  it. 

•  Note. — When  necessary.  No.  2  assists  1  with  breech-lever,  and  3  assists  2  with 
elevating-screw.  With  heavy  ^uns  the  shot  and  shell  are  brought  up  on  a  bearer  by  the 
two  rear  Nos. 
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The  exercise^with  6  men  to  a  32-poTiiider  Axmsfarong  gun,  mounted 
on  the  Armstrong  carriage  is  the  same,  omitting  the  words  **  Runs 
out,"  and  adding  **  attends  compressors  "  to  the  duties  of  5  and  6. 

At  the  word — 

With  "  Shot "  (or  "  Shell "),  "  Load;' 

No.  1  steps  to  the  left  of  the  breech,  2  cleans  and  primes  the 
vent-piece,  3  takes  up  the  sponge  with  the  right  hand  over  and  left 
under,  moistens  it  at  the  tank,  forces  it  up  the  bore  of  the  gun  and 
withdraws  it  to  the  mark,  draws  it  backwards  and  forwards  two  or 
three  times  and  withdraws  it,  1  looks  through  the  bore  to  ascertain 
that  it  is  clean,  and  gives  the  word — 

''Shot''  (or ''Shell"). 

3  returns  the  sponge  and  picks  up  the  rammer,  4  receives  the 
shot  from  6  and  enters  it,  3  forces  it  home  with  a  hard  blow,  bring- 
ing the  weight  of  his  body  on  the  rammer.  No.  1,  when  he  sees  by 
the  mark  on  the  rammer-staff  that  the  shot  is  home,  gives  the  word — 

"Cartridge:' 

4  enters  the  cartridge  with  the  tie  end  first,  3  presses  it  against 
the  shot,  and  1  gives  the  word — 

"  Some:' 

3  springs  the  luminer  and  returns  it,  2  drops  the  vent-piece  into 
its  place  and  hooks  a  tube  on  to  trigger-line,  1  screws  up  the  breech, 
giving  two  smart  taps  with  the  lever  on  the  cams'  to  harden  the 
screw  home. 

At  the  word — 

"  Prime;'  / 

1  places  the  tube  in  the  vent,  taking  care  thsift  the  loop  of  the 
trigger-line  is  over  the  half-cock  cleat. 

Note. — No.  2  carries  the  tube-box  strapped  round  his  waist.    . 

At  the  word — 

"  Point;' 

1  retires  to  the  extent  of  the  trigger-line,  handspikemen  pick 
up  their  handspikes,  the  rest  of  the  Nos.,  except  2,  man  the  side- 
tackles. 

At  the  word — 

"  Elevau;' 

1  gives  the  necessary  orders  to  No.  2,  who  raises  or  depresses 
the  breech  by  the  elevatingnscrew. 
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At  the  word — 

''Beady;' 

2  cocks  the  look  with  his  left  hand,  the  Nos.  on  the  side-tackles 
see  them  clear  and  out  of  hand. 

At  the  word — 

«  Fire;' 

1  fires,  springing  up  to  the  safety  position  on  the  left,  oloeee  up 
to  the  rear  of  the  gun,  makes  up  trigger-line  and  unsorews  the 
breech,  2  takes  out  and  cleans  vent-pieoe. 

At  the  word — 

"  Bun  (mt;' 

All  the  Nos.  man  the  side-tackles  except  1,  who  keeps  the  gun 
bearing  on  the  object ;  when  the  gun  is  out,  5  and  6  coil  down  the 
side-tackle  flEills. 

Note. — ^The  dati«t  art  arrlziged  for  the  tangent^ecale  on  the  left  of  the  gon,  and 
half-cock  cleat  on  the  right. 


Uxerciae  with  16  Men  to  an  ArrMtrong  PivoUQun^  mcunted  an  a 
common  slide  carriage^  with  holes  cut  in  brackets  for  breeching. 

1,  the  Captain,   commands,  screws  and  unscrews  the   breech, 
attends  tangent-sight,  primes,  points,  and  fires. 

2  assists   1   with  'breech-lever,  attends    coin    and  trigger-line, 
hooks  on  tube,  and  attends  train-whip  and  rear-bolt. 

3  traverses,  attends  vent-piece  and  fighting-bolt. 

4  traverses,  assists  to  raise  vent-piece  and  attends  stop  handspike. 

5  traverses,  sponges,  enters  shot  or  shell,  and  rams  home. 

6  traverses,  sponges,  enters  shot  or  shell  and  cartridge,  and  lams 
home,  and  sets  the  fuze  under  direction  of  1. 

7  and  8  run  out,  attend  traversing-tackles  and  shift  side-taoklea. 
9  to  12  run  out,  and  attend  handspikes. 

13  and  14  run  out,  traverse,  and  attend  compressors. 

15  runs  out,  traverses,  and  brings  up  shot  or  shell. 

16  runs  out,  traverses,  brings  up  shot  or  shell,  and  attends  stop- 
handspike. 

Stationary  powderman  gives  cartridge  to  No.  6. 

No.  6  is  only  to  assist  in  ramming  home  shot  or  shell,  the  cart- 
ridge is  forced  home  by  5  alone. 

If  an  inside  compressor  is  used.  No.  8  attends  it. 

In  this  exercise  it  is  intended  to  run  out  while  the  gun  is  being 
loaded. 

15  and  16  will  assist  to  run  out  as  soon  as  shot  or  shell  is  placed 
in  rear  of  gun,  and  5  and  6  as  soon  as  their  duties  in 
complete. 


RANGES  OF  THE  ARMSTRONG  GUNS. 


ON  THE   HANGES  OF  THE   ARMBTKONQ  GUNS. 

539.  At  present  no  definite  table  of  ranges  can  be  given  for 
any  but  tlie  12-poundei-  field-gun,  as,  with  the  exception  of  one 
or  two,  there  have  been  no  larger  guns  to  take  ranges  with.  It 
is  expected,  however,  that  soon  there  will  be  a  good  number, 
wlien  the  ranges  will  be  ascertained  for  each  description.  In  the 
mean  time  the  following  rule,  which  is  of  course  merely  an 
approximation  to  the  truth,  is  considered  by  Sir  Wm.  Armstrong 
sufficiently  accurate  for  all  practical  purposes : — 

For  every  10  yds.,  up  to  500  yds.,  raise  the  tangent-sight  1'. 

(Thiifl,  500  jda.  will  require  50'  elevation.) 
From  500  to  1000  yds.,  each  minute  of  elevation  gives  17  yds, 

of  additional  range. 
From  1000  to  3000  yds.,  each  minute  of  elevation  gives  6  yds. 

of  additional  range. 

540.  The  following  account  of  the  mode  practised  in  the 
French  navy  of  passing  up  by  hand,  and  through  scuttles 
opened  in  the  decks,  the  cartridge-cases  for  the  supply  of  the 
ordnance  in  the  several  fighting-decks,  and  of  returning  the 
empty  ones  to  the  magazines,  appears  worthy  of  attention,  and 
is  therefore  given  in  this  place.  The  frames  for  receiving  the 
cartridges  are  not  placed  in  the  scuttles  until  the  crew  are  called 
to  quarters,  but  are  kept  on  the  fighting-decks :  the  scuttle  is, 
till  then,  closed  with  a  tompion.  The  man  below,  placed  on  the 
orlop-deck,  receives  the  cartridge-ease  from  the  magazine,  and 
keeps  it  in  readiness  to  place  it  in  the  frame  above,  as  soon  as 
the  preceding  cartridge  is  taken  out.  The  man  on  the  middle 
or  main  deck,  according  as  the  ship  may  be  a  three  or  a  two 
decker,  is,  in  like  manner,  always  prepared  to  slip  a  oase  into 
the  frame  over  his  head  for  the  : 
upper  deck.  The  man  above  ia  I 
case  uito  the  canvas  hose, 
the  decks  to  the  orlop, 
is  for  the  supply  of  i " 
cartridge-ca 
by  a  separate  i 
ships  of  all  da 


I 

I 


NAVAL  aUNNERY.  Pabt  IV. 


GUNrOWDEB  AND  GUN-COTTON. 


SECTION   YL — ON  GUNPOWDER  AND   GUN-COTTON. 

541.  Great  errors  in  the  practice  of  gannery  arise  from  those 
diminutions  in  the  strength  of  powder,  which  invariably  reault 
from  any  absorption  of  moisture.  Naval  ammunition,  being 
particularly  liable  to  be  thus  injured,  should  be  protected  with 
special  care  and  precaution  from  the  influence  of  thoae  per- 
nicious damps  to  wliich  it  is  continually  exposed. 

The  only  sure  way  of  discovering  whether  a  ship's  magazine 
be  damp  or  not  is  to  observe  tlie  indications  of  an  hygrometer. 
In  default  of  a  proper  instrument  of  this  kind,  soak  a  sponge  in 
a  solution  of  salt  of  tartar,  or  common  salt  and  water,  and  then 
let  the  sponge  be  well  dried  and  weighed ;  on  placing  it  in  the 
magazine,  if  the  latter  ho  damp,  the  sponge  will  become  lieavier. 

542.  The  most  effectual  metliod  of  protecting  gunpowder 
from  damp  is  to  keep  it  in  close  vessels  with  air-tight  covers ; 
copper  cases  have  accordingly  been  provided  for  this  important 
purpose ;  and  all  gunpowder,  whether  in  bulk  or  made  up  iu 
flannel  cartridges,  is  stowed  in  metal-lined  cases  or  barrels,  each 
case  containing  120  lbs.,  and  each  barrel  90  lbs.  The  top  ia 
removed  by  means  of  a  key,  and  the  bung-hole  underneath  ia 
made  air-tight,  with  a  tubing  composed  of  beeswax  and  tallow. 
No  expense  shoiild  be  spared  in  proriding  a  supply  of  these 
vessels  sufficient  for  a  state  of  war ;  for  so  long  as  gjinpowder  ia 
exposed  to  suffer  great  and  unknown  losses  of  strength,  all 
attempts  to  attain  much  accuracy  in  practice,  will,  in  cases  of 
protracted  service,  be  defeated. 

543.  No  degree  of  care,  however,  can  altogether  preserve 
naval  ammunition  from  receiving  some  degree  of  injury  by 
exposure  to  marine  damps ;  because  a  quantity  suflScient  for 
immediate  use  must  always  be  kept  ready  for  serving  out,  and 
conserinently  unpacked  from  the  close  vessels;  and  in  the 
exigencies  of  service  in  remote  regions,  ammunition  of  doubtful 
quality  may  be  pi-ocured  from  station.^  wliicli  may  not  have 
been  recently  supplied ;  or  it  may  be  necessary  to  use  powder 
obtained  from  the  capture  of  an  .enemy's  magazines  or  vessels. 
It  would  appear,  therefore,  to  be  desirable  that  vessels,  sent  on 
distant  and  protracted  service,  should  be  provided  with  means 
by   which   to  ascertain   the   condition    and   strength   of   their 
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ammunition;  otherwise  ships  stored  abroad^  or  that  may 
have  been  long  at  sea  without  having  their  powder  examined 
and  tried  by  competent  persons  at  ordnance  stations,  may  be 
exposed  to  go  into  action  with  ammunition,  apparently  in  good 
condition,  but  so  deteriorated  in  strength  as  to  produce  very 
disastrous  consequences.  This,  it  may  fairly  be  suspected,  has 
very  frequently  occurred ;  perhaps  much  more  frequently  and 
seriously  than  we  are  aware  of.  It  must,  indeed,  have  been 
from  such  circumstances,  that,  at  different  times,  an  inferior 
degree  of  strength  has,  without  reason,  been  ascribed  to  English 
powder. 

544.  K  the  condition  and  strength  of  naval  ammunition  were 
to  be  ascertained  by  actual  experiment,  from  time  to  time,  by 
the  proper  authorities  in  the  ship  to  .which  it  belongs,  com- 
manders would  no  longer  be  liable  to  make  the  mortifying 
discovery  of  the  weakness  of  their  ammunition  in  the  important 
moment  of  service-practice.  Provided  with  the  means  of  doing 
this -previously,  officers  would  either  be  enabled  to  report  the 
damaged  or  unserviceable  state  of  their  gunpowder ;  or,  know- 
ing its  condition,  endeavour  to  procure  a  supply  of  better 
quality,  if  their  own  could  not  be  restored  to  serviceable 
efficiency  by  drying.  It  is  requisite,  therefore,  that  naval 
officers,  and  particularly  master-gunners  of  ships,  should  be 
qualified  to  Judge  correctly  of  the  condition  of  their  gunpowder 
by  inspection,  and  be  taught  to  conduct  those  experiments  by 
which  its  strength  may  be  ascertained.  For  these  important 
reasons,  instruction  on  this  subject  is  considered  indispensable 
in  the  course  of  training  established  at  the  dep6ts  of  naval 
ammunition. 

545.  The  only  infallible  test  of  the  goodness  of  gunpowder  is 
experiment ;  but  there  are  certain  appearances  and  indications 
by  which  an  estimate  of  its  quality  may  be  formed. 

Gunpowder  should  be  of  uniform  colour,  approaching  to  that 
of  sl4te.  The  particles  should  be  perfectly  granulated,  free 
from  cohesion,  and  should  admit  of  being  readily  poured  from 
one  vessel  into  another;  if  otherwise,  it  may  be  concluded, 
either  that  the  powder  has  been  imperfectly  glazed,  or  that  it 
is  damp.  Gunpowder  should  be  devoid  of  smell :  if  it  have  a 
disagreeable  odour,  it  may  arise   from   a  practice  which  the 
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author  believes  is  not  unconunoii — that  of  heating  the  nitro 
excessively,  for  the  purpose  of  drying  it  the  more  effectually. 
By  this  process  a  portion  of  the  nitre  may  be  decomposed ;  i£ 
60,  potash,"  instead  of  nitrate  of  potash,  will  form  a  part  of  the 
powder.  Nitrate  of  potash,  it  is  true,  must,  be  very  highly 
heated  in  order  to  produce  potash ;  but  when  over-heated  in 
the  process  of  fusion,  too  large  a  portion  of  nitrate  is  converted 
into  potash,  and  this  last,  being  very  deliquescent,  is  not  bo 
efficient  as  undecomposed  nitre.  To  ascertain  whether  the  nitre 
has  been  decomposed  to  the  degree  of  evolving  potash,  dissolve 
some  of  the  powder  in  pure,  or  rain  water,  and  add  a  solution 
of  silver  to  that  of  the  powder.  If  a  black  precipitate  be  formed, 
it  may  be  concluded  that  sulphuret  of  potash  exists  ia  the 
powder. 

It  is  possible,  however,  that  the  nitre  may  have  been  partly 
decomposed  by  having  been  over-heated,  and  consequently  that 
the  powder  will  be  liable  to  become  damp,  from  the  deliquescent 
nature  of  the  potash,  although  no  sulphuret  of  potash  may  have 
been  formed. 

546.  Gunpowder  will  very  readily  attract  moisture  from  the 
air,  if  manufactured  with  nitre  containing  deliquescent   salts, 
Buch  as  impiu-e  common  salt :  if  this  be  the  case,  a  solution  of 
silver,  added  to  one  of  the  powder,  in  pure  water,  will  give  a 
white  curdly  precipitate.     If  an  impurity  of  this  nature   be 
found  to  exist,  or  if  i>owder,  though  originally  composed  of  well- 
purified  ingredients,  should  once  become  so  damp   from  the 
influence   of  sea-wat^r  as  to  increase  its  weight  beyond  the 
quantity  allowed  in  the  proof,  no  dependence  can  be  placed  on 
the  quality  of  the  powder ;  for  sea-water  contains  so  lai^  <• 
quantity  of  deliquescent  salt,  that,  as  in  the  precedi 
although  the  powder  may  frequently  be  dried,  a 
appear  not  to  be  damp,  yet  it  will  re-attrao 
moist  atmosphere  as  often  as  exposed  to 
salt  is  not  deliquescent;   when  salt  de 
that  it  contains  muriate  of  magnesia, 
different  samples  of  nitre  depends  opoi 


I 


■  Nitrate  of  potash  may  be  formed  by  tbe  heat 
it  is  doubtful  whether  pure  or  free  potash  ia ;  U 
heat,  if  not  more,  for  that  pur^wK, 
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contained  impure  common  salt,  and  that,  in  the  process  of  re- 
fining, the  whole  of  the  deliquescent  salts  have  not  been  sepa- 
rated. It  is  by  no  means  uncommon  to  adulterate  crude  nitre 
with  common — that  is,  with  impure  salt.  Nitrate  and  muriate 
of  lime,  and  nitrate  of  magnesia,  are  also  deliquescent  salts ; 
but  well-made  gunpowder  does  not  get  damp  by  exposure  to 
air,  at  least  not  so  much  as  to  deteriorate  it — the  glazing  and 
the  other  ingredients  prevent,  or  correct  the  hygrometric  pro- 
perty of  pure  charcoal. 

In  powder  which,  however,  has  become  damp,  large  lumps 
are  formed.  K  the  injury  be  not  very  considerable,  these  con- 
cretions may  be  reduced  by  drying,  rubbing,  and  loosening ; 
but  gunpowder  thus  affected,  never  altogether  regains  its  lost  force. 

547.  Dampness  in  powder  of  good  manufacture  does  not,  in 
general,  arise,  as  is  commonly  supposed,  from  the  nitre  attract- 
ing moisture.  Pure  nitre  is  not  in  the  slightest  degree  deli- 
quescent, it  is  not  even  hygrometric,  whereas  charcoal,  par- 
ticularly when  newly  made,  imbibes  aqueous  vapour  with  such 
avidity,  that  a  piece  of  perfectly  dry  and  well-made  charcoal, 
exposed  to  the  action  of  the  air  for  a  week,  will  increase  in 
weight  about  14  or  15  per  cent.,  and  the  matter  absorbed  con- 
sists principally  of  aqueous  vapour.  Thus  powder  of  the  best 
quality  is  liable  to  become  damp  from  a  circumstance  which 
cannot  be  prevented  by  any  degree  of  care  in  preparing  the 
ingredients,  and  which  can  only  be  avoided  by  effectually  ex- 
cluding the  atmospheric  air.  It  has  been  thought  right  to  state 
these  circumstances,  for  the  purpose  of  showing  to  the  members 
of  the  profession  the  vast  importance  of  a  general  adoption  of 
air-tight  vessels  for  stowing  naval  ammunition ;  and  it  may  be 
added,  that  they  should  be  introduced  by  degrees  into  all 
powder-magazines. 

548.  It  will  not,  in  general — perhaps  never — ^fall  to  the  share 
of  naval  oflScers  to  restore  damaged  gunpowder,  by  drying  it 
in  large  quantities  by  artificial  heat :  it  may,  however,  become 
necessary  for  them  to  do  so  occasionally  in  small  quantities. 
But  whatever  be  the  improbabilities  of  naval  oflScers  or  gunners 
being'  called  upon  to  superintend  or  conduct  such  a  process,  it 
is  proper  they  should  know  the  precautions  that  ought  to  be 
observed. 
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In  dryii^  gunpowder  that  may  have  become  damp,  great 
care  should  be  taien  to  regulate  properly  the  degree  of  heat 
applied  to  the  process ;  for  tliere  are  several  temperatures,  con- 
siderably less  than  that  required  to  explode  the  misture,  which 
are  nevertheless  capable  of  injuring  it  extremely.  If  the  heat 
to  which  it  is  exposed  be  above  140°  of  Fahrenheit,  the  sulphur 
win  begin  to  rise  in  vapour.  At  about  210°  of  Fahrenheit  the 
sulphur  will  melt,  without  igniting  the  nitre, — the  uniformity  of 
the  grauulation  will  then  be  destroyed,  and  a  number  of  small 
knotty  lumps  formed.  These  effects  upon  the  sulphur  may 
easily  be  shown  by  scattering  a  few  grains  of  gunpowder  upon 
a  plate  of  metal  heated  imequaUy.  The  grains  that  fall  upon 
parts  much  heated  will  instantly  explode.  In  other  parts  the 
small,  blue,  lambent  Same  of  the  sulphur  will  be  seen  to  rise 
and  subside  without  exploding  the  mixture.  A  still  less  degree 
of  heat  will  cause  the  sulphur  to  melt  and  sublime,  and  a  certain 
inferior  degree  of  temperature  will  also  cause  it  to  volatilize. 
The  degree,  of  heat  used  in  the  stoves  for  drying  gunpowder, 
should  not,  therefore,  be  above  140°  of  Fahrenheit. 

When  gunpowder  has  become  utterly  unlit  for  service,  the 
nitre  may  be  separated  by  putting  it  into  vessels  containing 
water,  by  which  the  nitre  will  be  readily  dissolved,  and  may  then 
be  crystallized  by  evaporation. 

549.  The  strength  of  gunpowder  has  been  so  much  increased 
of  late  years,  tljat  tables  of  ranges,  formed  before  the  commence- 
ment of  the  war  (1793-1815),  are  no  longer  considered  correct 
rules  for  practice.  This  improvement  i;i  the  strength  of  ammu- 
nition is  principally  owing  to  the  process  of  charring  wood  for 
the  manutacture  of  gunpowder,  in  iron  cylinders, — hence  the 
term  et/linder-poivder.  The  wood,  properly  seasoned  and  pre- 
pared, is  put  into  cast>-iron  cylinders,  placed  horizontally  over 
stoves,  and  the  front  openings  closely  stopped.  Heat  is  then 
applied;  when  the  pyroligneous  acid  passes  over,  and  inflam- 
mable gases  are  evolved  through  tubes  inserted  in  the  back 
parts  of  the  vessels.  The  gas  is  generally  suffered  to  escape — 
the  acid  liquor  collected  in  casks— and  the  carbon  left  pure  in 
the  iron  retorts. 

550.  Lay  a  drachm  or  two  of  powder  on  a  piece  of  clean 
writing-paper,  and  fire  the  heap  by  means  of  a  red-hot  iron 
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wire:  if  the  flame  ascend  quieldy,  with  a  good  report,  leaving 
the  paper  free  from  white  specks,  and  do  not  burn  it  into  holeflj 
the  goodness  of  the  ingredients,  and  proper  manufacture  of  tb| 
powder,  may  be  safely  inferred." 

\Mien   good   gnnpowder  ia  blaBted  upon  a  clean   plate 
copper,  no  tracks  of  foulness  should  be  left 

Gunpowder  exposed  for  seventeen  or  eighteen  days  to  tlig 
influence  of  the  atmosphere  should  not  increase  materially  n 
weight.  One  hundred  pounds  of  powder  should  not  absorb  mori 
than  12  oz.  If  it  increase  in  weight  more  than  1  per  cent.,  it  il 
a  proof  that  deliquescent  salt  abounds  in  a  degree  which  shonl^ 
warrant  the  condemnation  of  the  powder.  '< 

551.  The  modes  of  examining  merchant's  powder  are,  by  eye(j 
by  hand,  and  by  ladle.  The  colour  should  be  dark  pnrpJ©  j 
that  of  a  brown  colour  is  of  bad  quality.  If  the  powder  be  soft 
or  tender  in  grain  to  the  touch,  or  dusty,  or  if  a  cubic  foot  wet^ 
less  than  55  lbs.,  the  powder  is  rejected :  if  the  grain  be  har^ 
clean,  and  good,  and  the  powder  pass  the  trial,  for  specifi| 
gravity,  it  is  then  proved  by  three  rounds  being  fired  in  tlug 
eprouvette  mortar,  and  if  it  pass  mth  respect  to  range,  it  ii 
then  put  into  a  box  perforated  with  holes,  for  not  less  tba4 
twenty-one  days,  having  been  previously  weighed,  and  it  i| 
again  weighed  on  being  taken  out.  Three  rounds  are  aftetf 
wards  fired  with  8-inch  solid  balls  from  a  mortar,  and  a  mean  cA 
the  ranges  is  compared  with  that  of  three  rounds  fired  with  tbfl 
original  sample,  5  per  cent,  leas  than  Waltliam  Abbey  governj 
ment-powder  being  allowed.  K  it  pass  in  range  on  this  occMJ 
slon,  "  flashing"  on  copper  plates  is  the  last  proof,  i 

552.  To  prove  the  strength  of  large-grain  or  common  powde^ 
2  oz.  are  fired  from  8-inch  Goraer  mortars,  at  an  angle  of  45^ 
placed  on  stone  beds,  and  so  fixed  as  not  to  recoil, 
mortars  are  loaded  with  shot  weighing  68  lbs. ;  and  the 
of  such  ranges,  with  the  government-powder  of  Wall 
Abbey,  is  250  feet. 

Powder  mode  of  common  pit-charcoal  will  only  project  b 
ball,  under  the  same  circumstances,  about  220  feet.  Pi 
that  has  been  re-stoved  will  only  produce  a  range  of  from 
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to  117  feet  miller  like  ciri^amstances.      These  facts  show  the  ^^^| 

vast  reductions  in  force,  and  the  great  loss  of  accuracy,  which  ^^^| 

inrariahly  and  irremediably  attend  any  deterioration  in  that  ^^^| 

full-proof  condition  of  gunpowder  upon  which  all  rules  of  prae-  ^^H 

tice  are  formed.  ^^^| 

A  musket  charged  with  2  drachms  of  fine-grained,  or  musket-  ^^H 

powder,  should  drive  a  steel  bullet  through  15  or  16  half-inch  ^^^| 

elm  boards,  placed  |  of  an  inch  from  each  other,  the  first  board  ^^^H 

being  set  at  40  inches  from  the  muzzle  of  the  musket ;  but  ^^H 

with  re-stoved  gunpowder  the  bullet  will  only  perforate  Irom  ^^^| 

9  to  12  of  the  boards.  ^^M 

The  quality  of  lai^e-grain  powder  is  a.scei'tained  like  tliat  of  ^^^| 

the  merchant's  powder,  by  its  general  appearance,  its  firmness,  ^^^| 

glazing,  uniformity  of  grain,  and  density.      The  weight  of  a  ^^^| 

cubic  foot  of  government-powder  must  be  58  lbs.     The  process  ^^^| 

of  "flasliing"  is  also  used  to  ascertain  the  quality  of  Ihe  gun-  ^^^| 

powder.     About  3  drachms  are  placed  on  a  copper  plate,  and  ^^^| 

fired  with  a  red-hot  iron  to  see  that  no   residue  or  foulness  ^^^| 

be  ^^M 

553.  The  quality  of  fine-grained  powder  for  muskets,  &c.,  is  ^^^| 
tested  in  the  same  manner  as  the  large-grain  cannon-powder ;  ^^^| 
and  its  strength  proved  by  firing  2-oz.  charges  from  the  half-  ^^^| 
pounder  gun-eprouvette.  ^^^| 

But  the  proofs  of  gunpowder  by  range,  in  the  manner  stated,  ^^^| 

require  means  which  can  only  be  found  at  the  principal  Ord-  ^^^| 

nance  establishments  at  home :  they  cannot  be  resorted  to  by  ^^^| 

the  navy  on  most  foreign  stations,  and  are  not  always  to  he  had  ^^^| 

on  home-service.  ^^^H 

554.  To  practise  with  the  eprouvette,  charge  it  with  a  small  ^^^H 
quantity  of  loose  powder,  by  means  of  a  ladle.  Raise  the  ^^^H 
muzzle  by  pushing  the  piece  forward,  and  press  the  powder  ^^^| 
lightly  together  with  a  rammer-head ;  then  set  the  index,  by  ^^H 
pressing  the  limb  in  contact  with  the  head  of  the  frame,  and  ^^^f 
note  the  division  pointed  out.  The  piece  should  be  primed  with  1 
a  thread  of  quick-match,  and  fired  by  a  port-fire.      After  the  I 

Ieprouvette  has  made  freely  its  first  recoil,  the  vibrations  should  ^^J 

be  gradually  stopped,  taking  care  not  to  touch  the  index  or  it«  ^^M 

limb.     The  division  pointed  out  on  the  quadrant  will  then  show  ^^H 

the  effect  of  the  charge ;  and  the  strength  of  the  powder  may  ,^^^| 
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bo  estimated  by  comparing  tlio  extent  of  the  vibration  with  t 
which  id  known  to  be  due  to  powder  of  proof  strength. 

The  vibrating  eprouvette  b^iug  fired  with  2  oz.  of  powdeiJ 
the  index  should  describe  an  are  of  recoil  of  26°  wiih  pro 
powder ;  and  witli  ro-stoved  and  all  other  descriptions  of  powdei^ 
not  less  than  24°. 

ON  QTJN-COTTON. 

555,  In  1846  some  exporimenta  were  made  in  Paris  with  th^ 
recently-invented  gun-cotton,  in  a  musket  suspended  from  i 
horixontal  axis  similarly  to  the  gun-pendulum  or  eprouvette  j 
and  the  following  is  a  table  in  Engb'eh  denominations  of  tha 
initial  velocities  obtained  with  different  charges  of  the  cottoi^ 
the  charges  being  so  pressed  that  their  lengths  might  be  nearlji 
proportional  to  their  weights : — 

CiurjB  Voiodir 

In  Tny  Onlu.  tn  Feol. 

15.44  497 

30.89  103S 

46.33  1348 

61,78  1565 

77.22  17U0 


On  comparing  these  velocities  with  those  which  were  ott 
to  result  from  equal  chaises  of  gunpowder,  it  was  found  t 
77.22  grains  of  gun-cotton  produced  an  effect  on  a  musket-ba] 
equal  to  tliat  of  about  half  an  ounce  of  common  gunpowders 
and  from  some  cxperinientB  made  by  M.  Arago,  the  force  of  thfl 
cotton  appeared  to  bo  about  three  times  as  strong  as  that  o^ 
gunpowder.  I 

The  report  is  said  to  have  been  strong,  but  leas  fatiguing  to 
the  ear  tlian  that  of  gunpowder :  there  was  no  appearance  q( 
smoke,  a  short  flame  only  being  seen  at  the  moiitli  of  the  piecaj 
After  each  fire  there  was  loft  in  the  bore  a  quantity  of  coiJ 
densed  vapour  of  water,  with  a  little  carbon;  and  unless  (' 
bore  was  cleaned  after  each  firing,  the  velocity  waa  t 
diminished. 

It  may  be  observed  here  that  tho  successive  incrementa  < 
velocity  arising  from  the  successive  increases  of  1  gram 
(.035  oz.)  in  the  chaise,  form  a  regular  decreasing  serius.  Thi 
law  is  peculiar  to  the  gun-cotton,  and  seems  to  result  -from  t 
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regtilarity  of  its  cliemical  tranHformation  :  common  gunpowder, 
being  an  imperfect  compound,  docs  not  exhibit  such  regularity. 

In  firing  against  a  plate  of  cast  iron  at  the  distance  of  15 
yards,  with  a  charge  equal  to  4.B  grains  troy  of  gunpowder,  the 
leaden  ball  was  compressed  as  much  as  half  its  diameter ;  while 
an  equal  effect  was  produced  by  ,76  grains  only  of  gun-cotton. 

Experiments  with  gun-cotton  have  beeu  carried  on  at  Wash- 
ington ;  and  from  these  it  was  found  that  the  initial  velocity  of 
a  Itall  whose  diameter  was  5.69  inches,  and  weight  24.33  lbs., 
with  a  windage  equal  to  ,135  inch,  and  a  charge  of  cotton  equal 
to  1  lb,,  was  1080  feet ;  with  a  charge  of  2  lbs.  the  initial  vel* 
city  was  1413  feet.  A  musket-barrel  loaded  with  120  grains  of 
cotton,  and  carrying  one  ball,  with  a  wad,  burst  at  the  breech. 

556.  In  order  to  ascertain  the  relative  force  of  gunpowder 
and  gun-cotton  for  mining  operations,  the  French  experimentera 
caused  a  hole  to  be  bored  in  a  piece  of  rock  having  the  form  of 
a  prism,  and  placed  in  it  4.6  ounces  of  gunpowder ;  the  hole 
was  tamped,  and  the  charge  being  fired,  the  rock  was  split  by 
the  explosion  in  two  lines  at  right  angles  to  one  another :  thus 
dividing  the  mass  into  four  equal  fragments.  A  similar  piece 
of  rock,  of  the  same  size  nearly,  being  bored,  and  the  hole 
charged  with  l.CC  ounces  only  of  gun-cotton,  the  explosion  split 
the  rock  in  one  line,  dividing  it  into  two  nearly  equal  parts, 
thus  producing  the  effect  of  nearly  three  times  the  quantity  of 
gunpowder. 

557.  The  following  circumstances,  from  the  second  report  of 
Major  Mordecai  on  hia  experiments  at  Washington  in  the  years 
1845,  1847,  and  1848,  for  the  purpose  of  determining  the  fitness 
of  gun-cotton  as  a  substitute  for  gunpowder  in  the  military  ser- 
vice, will  be  read  with  interest : — 

1.  Explosive  cotton  bums  at  SSC  Fahr.,  therefore  it  will  not 
set  fire  to  gunpowder  when  burnt  in  a  loose  state  over  it 

2.  The  projectile  force  of  explosive  cotton,  with  moderate 
charges,  in  a  musket  or  cannon,  is  equal  to  that  of  about  twice 
its  weight  of  the  best  gunpowder. 

3.  When  compressed  by  hard  ramming,  as  in  filling  a  fuze,  it 
bums  slowly. 

4.  By  the  absorption  of  moisture  its  force  is  rapidly  dimi- 
nished, but  the  force  is  restored  by  drying. 

2  M  2 
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5.  Its  bursting  eflTect  is  much  greater  than  that  of  gun- 
powder, on  which  account  it  is  well  adapted  for  mining  ope- 
rations. 

6.  The  principal  residua  of  its  combustion  are  water  and 
nitrous  acid :  therefore  the  barrel  of  a  gun  would  be  soon  cor- 
roded if  not  cleaned  after  firing. 

7.  In  consequence  of  the  quickness  and  intensity  of  its 
action  when  ignited,  it  cannot  be  used  with  safety  in  the  pre- 
sent fire-arms. 

8.  An  accident  on  service,  such  as  the  insertion  of  two  charges 
Before  firing,  would  cause  the  bursting  of  the  barrel ;  and  it  is 
probable  that  the  like  effect  would  take  place  with  the  regolai; 
service-charges  if  several  times  repeated. 


TACTICS  Of  SINGLE  ACTIONS  AT  SEA. 


ON  THE  TACTICS  OF  SINGLE  ACTIONS  AT  SEA.  WriH  OBSEK 
VATIONS  ON  SOME  NAVAL  OPERATIONS  BETWEEN  THE 
SHIPS  OF  GREAT  BRITAIN  AND  THE  UNITED  STATES. 

558.  Although  the  alliance  btitwecn  steam  and  wind  in  the 
propulsion  of  ships  of  war,  whetlier  the  two  motive  powers  act 
in  combination  to  produce  the  tactical  evolutions  of  a  fleet,  or 
whether  steam-power  is  merely  an  auxiliary  to  that  of  wind  in 
the  movement  of  a  single  ship  (called  by  the  French  in  this 
case  bdtimeid  mixte),  will  no  doubt  make  a  gi'eat  revolution  in  the 
modes  of  maritime  war — a  subject  which  the  author  has  treated 
in  a  separate  work  (see  '  Naval  Warfare  with  Steam,'  2nd  edit, 
Murray,  1860) ;  yet,  as  has  been  well  observed  in  a  recent  pub- 
lication,* saihng-ahips,  particularly  frigates,  in  seaa  remote  from 
Europe,  will  probably  for  many  years  have  to  contend  in  the 
ordinary  manner,  and  according  to  the  principles  of  the  existing 
tactics  for  sailing-vessels.  On  this  account  the  author  purposes 
to  repeat,  with  some  corrections,  what  he  had  stated  in  the 
former  editions  of  this  work  concerning  the  tactica  of  single 
ships,  with  the  observations  he  had  made  on  some  naval  actions 
which  had  taken  place  during  the  war  between  Great  Britain 
and  the  United  States  in  1813,  1814. 

559.  A  review  of  tho  tactics  of  some  of  our  naval  actions  with 
the  United  States  will  be  found  to  yield  many  useful  deductions 
in  support  of  much  that  has  been  advanced  in  the  com 
work. 

The  reasons  which  have  induced  the  author  to  i 
review  of  these  important  occurn-f '■(---    -^rr  t^  -Aifiw 
United    States'   commanders  m'   i 
adapted  their  tactics  to  the  8up<_ri' 
that,  even  when  oj^aed  to  very  i 
ordnance,  they  would  neither  ap| 


'  Note  i>!ii-  It-  Prince  n 
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close  battlo.  until  they  had  gained  some  decisive  adTantago  fromj 
the  superior  faculties  of  their  long  guns  in  distant  cannonadtv] 
and  from  the  intrepid,  nuoircumspect,  and  often  very  exposed^ 
approach  of  assailaiits  who  had  loug  been  accustomed  to  con-^ 
temn  all  manoeuvring,  and  who  only  considered  how  to  msju 
soonest  into  yard-arm  action.     Snch,  unquestionably,  was  the! 


character  of  these  pi-oeeedings.  The  uncircumspect  gallantry  ei 
our  commanders  led  our  ships,  unguardedly,  into  booigs  whiiJl 
wary  caution  had  spread ;  and,  in  point  of  fiict,  our  vessels  werew 
in  almost  every  instance,  so  crippled  iu  chstant  cannonade,  frooj 
encountering  rashly  the' serious  disadvantage  of  making  direoC 
attacks  under  the  powerful  fire  of  whole  hroaditide-batteriead 
that  all  those  close  actions  which  terminated  unfavourably  to  oi 
may  fairly  bo  considered  to  have  been  fought  under  very  disad^ 
vantageoua  tactical  circumstances,  even  had  the  force  of  thi, 
contending  ships  been  equally  matched,  | 

5H0.  In  tlie  action  between  the  "  Macedonian "  and  th^ 
"  United  Statt>B,"  the  American  frigate  avoided  close  action  fcj 
a  full  hour  after  fire  commeuced.  Captain  Garden  state^j 
"  that  from  the  enemy  keeping  two  pointa  off  the  wmd,  th^ 
British  frigate  was  not  enabled  to  get  so  close  to  her  as  waf 
desired ;  and  that  it  was  nut  till  after  an  hour's  cannonade 
when  the  enemy  backed  and  cume  to  the  wind,  that  close  battle 
commenced."  Tliis  shows  that  Commodore  Decanter's  plan  o^ 
operation  was  to  keep  at  long-shot  distance  for  some  time,  to 
try  the  effect  of  relative  precision  of  firo — to  avail  himself  of  tli4 
superiority  of  his  loug  S-i-poundcrs  over  the  IS-pounders  of  th« 
"  Macedonian  " — and  by  edging  away  from  the  British  fngat^ 
which  gallantly  attempted  to  close  directly  from  the  windwartD 
to  proloug  a  preliminary  operation  so  much  in  his  own  favoun 
How  far  he  succeeded  b  shown  by  the  opinion  of  the  couru 
martial,  "that  the  'Macedonian'  was  very  materially  damaged 
before  close  action  commenced."  When  the  British  frigate  wti 
completely  crippled,  the  American  came  to  the  wind:  the  evei ' 
is  well  known.  As  a  display  of  courage,  the  cluiractcr  of  t 
service  and  of  the  country  was  nobly  u^jheld  ;  but  it  would  \ 
deceiving  ourselves  were  we  to  admit  that  the  comparatiw 
expertness  of  the  crews  in  gunnery  was  equally  satisfacto 
Tlio  author's  object  being  to  press  homo  the  absoluto  nee 
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of  training;  to  expert  practice  master-gimnere,  their  crews,  aud 
captaiiis  of  gurks,  ho  supports  his  opinion  of  the  vast  uatioiial 
importance  of  such  a  measure  by  strong,  impartial,  and  unre- 
served appeals  to  facts,  Nov?  taking  the  difference  of  effect,  as 
stated  by  Captain  Garden,  we  must  draw  this  concluaion — that 
the  comparative  loss  in  killed  and  wounded  (104  to  12),  together 
vrith  the  dreadful  accoiuit  he  gives  of  the  condition  of  liis  own 
ship, 'wliilst  he  admita  that  "  the  enemy's  vessel  was  compara- 
tively in  good  order,"  must  have  arisen  from  inferiority  in  gun- 
nery, as  well  as  inferiority  in  force.  That  our  frigate  should  be 
captured  was  not  at  all  surprising,  considering  the  great  odds 
against  her;  and  the  comparative  ravages  in  the  two  vessels 
indicate  the  disadvantages  under  which  this  gallant  officer  was 
compelled  to  engage.  The  action  between  the  "Java"  and 
"  Constitution  "  was  also  a  very  gallant  display  of  that  imdaunted 
resolution  which  carried  the  British  frigate  forward  to  dare  her 
antagonist  to  close  action ;  but  this  was  not  a  very  favourable 
method  of  joining  in  battle  with  a  cautious  enemy,  who  knew 
well  the  advantages  lie  might  reap  by  opposing  circumspect 
caution  to  the  open  audacity  of  his  too  bold  a^aUant. 

5G1.  So  much  depends  upon  the  way  in  which  a  vessel  is  ap- 
proached, or  brought  to  action,  that  the  author  finds  it  impossible 
to  avoid  making  a  few  observations  upon  tlie  tactics  of  single 
actions,  more  particularly  as  it  appears,  irom  a  close  aud  attentive 
study  of  the  manceuvres  of  the  American  vessels,  in  aetion  with 
ours,  that  the  tactics  of  those  operations  were  not  matters  of 
chance,  nor  of  individual  determination,  but  a  general  pre- 
determined plan  of  operation,  expressly  calculated  to  procure 
those  advantages  which  our  resolute,  straightforward,  but  not 
very  prudent  methods  of  attack  were  expected  to  present. 

In  entering  on  this  [lart  of  his  subject,  the  author  is  not 
without  apprehension  that  he  may  be  considered  as  touching 
unnecessarily  npf"  «  nrr-f'-oaK'nnl  n.,oat|...)  r„(|i<.r  foreign  to  the 
subject  ho  lui-  '  '      I--  jiowers;  but, 

to  bespeak  iiuh,  :  submit  that  an 

essay  on  thu  •■  •■'■''•■ 

the  view  the  u.. 
is  so  insepimili  j. 
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avoid  toucbiiig  npoii  them,  notwithstiiiidmg  his  inability  to  treat  | 
the  important  subject  as  it  deserves. 

562.  The  fonn  of  action  wliich,  in  tactical  circumstances,  baa  ' 
been  most  imiavourftble  to  <is,  is  the  attack  from  the  windward,  i 
Of  this  character  were  the  actions  in  which  the  "  Macedonian "  ^ 
and  "Java"  were  captured.  The  serious  disadvantage  of  miming  j 
down  directly  upon  an  enemy  to  leeward,  to  engage  him  in  close  ] 
battle,  is  so  obvious  that  we  can  only  cousider  such  a  plan  of  1 
operation  to  have  been  adopted  from  the  unguarded  confidence  j 
inspired  by  the  intoxication  of  glory  in  our  naval  warfare,  which  . 
had  taught  us  to  despise  all  manceuvring  for  position,  and  to  eon-  j 
^der  circumspection  aa  unnecessary.  Guided  by  such  sentiment^  i 
it  appears  to  have  become  an  established  maxim  of  the  profession, 
that  whenever  an  euemy  can  be  attacked,  the  only  method  I 
worthy  of  our  flag  is  to  come  at  once  to  the  point :  but,  in  the  i 
actions  above  referred  to,  we  Lave  seen  that  the  opposite  party  | 
was  perfectly  aware  that  such  a  mode  of  attack  would  bo  i 
adopted,  and  was  coolly  and  cautiously  prepared  to  receive  it ;  i 
and  his  success  may  be  considered  as  a  proof  that  this  plan  of  i 
approach,  bold  and  dignified  though  it  be,  contributed  very 
materially  to  the  great  loss  of  British  blood  on  the  occasion.  If 
this  he  so,  there  is  abundant  reason  for  endeavouring  to  brings  . 
back  that  respect  for  manosuvriug  for  position,  particularly  in 
attacking  from  the  windward,  which  was  formerly  entertained  in  < 
the  profession.  Borrowing  an  established  maxim  from  the 
tactics  of  land-operations  to  8Uj>port  this  admonition,  let  it  be 
well  remembered  that  ho  is  considered  the  best  officer  who  ' 
efiects  most  by  manceuvre.  i 

5B3.  There  is  this  fundamental  difference,  however,  between  \ 
naval  and  military  tactics,  that  great  advantages  belong  to  the 
offensive  operations  of  well-constituted  and  well-commanded 
armies,  whereas  in  naval  operations  the  point  of  attack  is  so  un- 
disguieed  that,  if  tlie  defensive  operation  be  well  managed,  the 
attacking  force  must  be  exposed  to  great  and  often  decisive  effect 
previously  to  close  action.  That  generous  intrepidity,  theiefore, 
which  belongs  to  tho  commonest  person  of  our  nation,  and 
which  disdains  auytliuig  that  can  bt;  called  foul  play,  should, 
when  opposed  to  au  enemy,  intelligent,  cautious,  and,  in  force, 
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generally  superior,  be  restrained  by  some  circumspection  :  the 
word  may  shock  the  feelings  of  some  who  will  read  this ;  but  ' 
the  observation  is  introduced  with  due  support  from  facts,  in 
order  to  show  that  our  resolution,  courage,  and  want  of  circum- 
spection, have  occasionally  contributed  to  the  successes  of  a 
wary  enemy.  The  stigma  which  rash  men  might  attach  to  a 
prudent  observance  of  circumspection,  in  the  mode  of  bringing 
on  close  action  with  a  vessel  of  superior  or  equal  force,  should 
not  deter  our  ofBeets  from  acting  with  that  discretion  which  will 
lead  to  a  close  terminal  struggle,  in  which,  upon  even  terms, 
their  native  courage  will  secure  for  them  the  advantage.  The 
author  will  now  endeavour  to  show  how  this  contempt  of  mauceu- 
vring  for  position  has  been  promoted,  and  why  this  error  ought 
to  have  been  avoided  in  some  late  affairs.  In  doing  this  he 
avails  himself,  with  infinite  satisfaction,  of  the  supporting  ob- 
servatioua  of  Sir  Philip  Broke,  the  distinguished  captain  of  the 
"  Shannon  "  (to  whom  the  author  is  greatly  indebted  for  infor- 
mation upon  many  professional  points),  some  of  which  are  given 
nearly  in  his  own  words. 

564.  In  a  great  many  of  the  single  actions  of  the  late  French 
war  (I794-1SI4),  the  enemy  thought  of  nothing  but  escape; 
and,  in  bringing  on  a  running  fight,  he  deprived  himself  of  those 
advantages  which  a  ship  may  reap  by  coolly  awaiting  her 
enemy's  approach,  with  appropriate  manoeuvre  of  sail  and  helm. 
By  such  a  measure  the  enemy  gave  us  all  that  British  valour 
desired — an  opportunity  of  coming  at  once  to^lose  action  with- 
out previous  loss,  as  soon  as  our  vessel  could  come  up  with  L 
antagonist.  Thus  all  scientific  manoeuvre  became  superfluous, 
and  under  such  circumstances  was  properly  disregarded. 

That  the  intrepidity  of  our  ancient  naval  conun&ndi 
given   them  likewise  a  dislike  of  refined': 
evident  in  the  pages  of  our  naval  history 
all  caution  in  approach  to  actioa  i) 
arising  out  of  pecuhar  ( 
considerations  of  a  very  d 

Our  most  accom 
beginning  of  the  l 
1793,  not  only  displ 
for  iiL-tioii  than  was  I 
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periwl  of  tho  naval  war,  but  also  held  in  high  respect  aUi 
Bcientific  manceuvrmg,  with  a  view  to  gain  the  most  &TourablQ^ 
position  for  action,  Tliat  this  icaa  the  profesBioual  feeling  it 
well  known — that  it  i's  not  so  now  is  the  consequence  of  thaA 
deterioration  in  tho  European  navies  already  noticed  (Art.  3)|| 
which  first  led  us  to  relax  our  warlike  circumspection,  and  theif 
taught  U8  to  contemn  it  entirely.  j 

565.  Our  modem  ships  of  war,  particularly  frigates,  arc  nali 
perhaps  eo  well  calculated  for  manceuvriug  as  the  old-fasluoued{ 
sliii«  were,  being  so  much  slower  in  turning,  on  account  of  theii^ 
flat  futtocb  and  great  length  ;  but  any  gygtvm  of  manoeuvring 
was  hardly  ever  thought  of  in  latter  times,  and  indeed  would 
seldom  have  been  appropiiate,  sure  as  we  were  that  if  WQ  cou]^ 
ouly  outsail  the  enemy,  we  should  be  able  to  bring  him  to  closd 
action  on  very  advantageous  terms.  Under  such  circumstancefl 
it  would  have  been  absurd,  and  justly  injurious  to  a  conn' 
mander's  character,  to  have  attempted  any  manceuvriug  ft^ 
advantageous  position,  even  in  tho  most  scientific  way,  wheu  i| 
was  in  his  power  to  lay  his  enemy  alongside  without  difficulty. 
For  there  is  always  some  danger  in  bracing  and  trimming  sails, 
and  particuhirly  in  backing  them,  after  ships  have  exchange^ 
a  few  well-directed  rounds,  and  are  under  each  other's  firoi 
Engaged  in  such  manoeuvres,  should  a  ehauce  shot  have  crippled 
the  assailant,  the  use  the  enemy  would  have  made  of  the 
accident  would  have  been  to  escape,  in  which  case  a  Britiali 
commander  wouTd  justly  have  been  severely  reprimanded  ft«! 
losing  by  his  theories  a  victory  which  the  courage  and  ability  tA 
his  officers  and  seamen  would  have  ensured  had  thoy  been  led) 
at  once  to  an  abrupt,  impetuous  attack.  Thus,  in  our  warfartt 
with  European  navies,  the  escape  of  an  enemy  after  we  ha^ 
brought  him  to  action  was  felt  by  us  'as  a  defeat,  and  indeed  tli^ 
enemy  boasted  of  it  as  a  victory.  These  circumstances  audi 
considerations  seem  to  justify,  and  even  to  demand,  a  bold  an4{ 
uncucumspect  approach  to  that  critical  position  in  whicl^ 
though  we  might  be  disabled  ourselves,  we  were  generalljt 
certain  of  preventing  the  enemy  from  leaving  us,  having  him  ea 
much  under  our  fire  that  any  refit  would  be  impossible.  Thai 
stood  tho  case,  as  it  regarded  single  actions  in  general,  durini 
(he  Erench  war ;  but  when  we  come  to  meet  an  enemy  so  miu 
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nearer  our  own  etamp  of  character,  and  whose  warlike  navy  (so 
long  aa  it  is  inferior  in  proportion  to  his  mercantile  navy)  must 
be  well  manned,  and  who  will  try,  in  most  elaases  of  his  ships,  to 
keep  some  advantage  of  size  and  armament, — if  such  an  enemy 
seek  to  join  science  to  his  other  advantages,  we  must  be  pre- 
pared to  answer  him  in  his  way  when  we  cannot  have  onr  own. 

566.  In  the  tactic  of  the  action  between  tho  "Guenifere"  and 
*'  Conatitntion,"  there  was  a  good  deal  of  manoemTing,  yet  the 
general  courses  of  the  two  sliipa  gradually  converged  towards 
each  other  in  a  degree  which  admitted  of  at  least  an  hour's 
occasional  cannonade  before  close  action  commenced.  The  wind 
was  fresh  from  the  north.  When  the  vessels  first  distinguished 
each  other,  the  "  Guerriere  "  was  to  leeward,  close  hauled  upon 
the  starboard  tack,  the  American  on  the  weather-beam,  standing 
S.S.W.  The  "  Guerriere  "  opened  her  fire  first  (which  it  is  said 
fell  short),  and  soon  afterwards  the  American  opened  his  battery, 
and  continued  to  fire  occasionally  as  he  came  down.  When  he 
began  to  dtaw  near  the  "  Guerriere,"  the  British  frigate  several 
times  wore  to  avoid  being  raked.  This  prudent  counter-manteuvre, 
to  avoid  a  serious  disadvantage,  operated  against  closing,  which 
accordingly  did  not  take  place  till  about  an  hour  after  the  action 
had  commenced.  Thus,  from  the  time  the  fire  opened  till  close 
battle  began,  the  vessels,  steering  free,  kept  up  a  sort  of  running 
fight  upon  courses  gradually  converging  towards  each  other. 
Various  very  untoward  circtunstances  conspired  to  terminate 
thiR  aflfair  in  an  unfortunate  manner.  Our  frigate  was  very 
short  of  hands ;  her  powder,  it  may  fairly  be  asserted,  from  the 
testimony  of  the  American  commander,  who  says  "  that  her  shot 
fell  short,"  was  deteriorated  by  long  keeping  and  damp  (Art. 
54.3).  Several  of  her  guns  and  carronadea  broke  loose,  owing  to 
the  perished  condition  of  their  breechings  (Art,  505),  and  the 
decayed  state  of  the  timbers  through  which  the  long  bolts 
passed.  The  armament,  in  guns  (28  long  18-pomiders),  was 
very  inferior  to  the  30  long  2-i-pounders  opposed  to  her.  The 
loss  of  tho  mizen-Diast  by  a  chance  carronade-shot,  and  its 
unlucky  fall  to  windward,  threw  the  ship  up  in  the  wind  in  a 
singular  manner ;  and  her  other  masts,  which  fell  soon  after- 
wards, had  been  crippled  previously  by  stress  of  sail  and  decay, 
Thc^  untoward  circumstances  arc  quite  sulficient  to  account  for 
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the  capture  of  the  frigate,  and  to  show,  indeed,  the  unpossibility 
of  preserving  her,  notwithstanding  the  gallantry  with  which  she 
was  defended ;  but  they  are  not  sufficient  to  account  for  the 
great  disparity  of  loss  in  killed  and  wounded,  viz.,  78  to  14.  If 
the  author  is  at  all  correct  in  what  he  has  stated  in  Arts.  513, 
514,  respecting  the  incredibly  trifling  effect  usually  produced  by 
random  broadside-volleys,  given  in  sudden  changes  of  position, 
he  would  say  that,  in  wearing  several  times  to  avoid  being 
raked,  and  in  exchanging  broadsides  in  such  rapid  and  continued 
alterations  of  position,  and  consequent  elevation  of  her  ordnance, 
the  "  Guerriere's  "  fire  was  much  more  harmless  than  it  would 
have  been  had  she  given  it  in  a  more  steady  position. 

567.  It  appears  that  the  most  advantageous  way  in  which  a 
vessel  to  leeward  can  receive  a  direct  attack,  and  bring  on  dose 
action,  with  an  enemy  coming  down  the  wind  for  this  purpose, 
is  to  come  to  the  wind  herself,  and  there  wait,  making  as  little 
way  as  possible,  whilst  the  offensive  movement  is  in  progress. 
This  opinion  requires  some  introductory  explanations. 

If  two  ships,  A  and  B,  fig.  68,  move  at  an  equal  rate,  upon 
courses  equally  inclined  to  each  other,  they  will  approach 
gradually  upon  equal  terms,  and  come  close  to  each  other,  when 
arrived  at  C.    If  the  two  vessels  be  equal  in  force  and  quality  of 
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crew,  an  action  brought  on  in  this  way  would  be  alike  favourable 
to  both ;  but  if  either  should  possess  any  superior  power  of  guns, 
such  as  might  induce  her  commander  to  prefer  commencing 
with  distant  cannonade,  and  approximate  gradually  to  close 
battle,  then  it  is  evident  that  the  other  vessel  should  vary  its 
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plan  of  operation,  to  defeat  the  purpose  which  the  enemy  has  in 
yiew,  and  which  is  soon  perceptible  in  hia  actions. 

According  to  the  well-known  principle  of  chasing  to  leeward, 
the  course  should  be  bo  regulated  that  the  chase  always  bear  on 
the  same  point  of  the  compass.  If  she  be  found  to  draw  ahead, 
the  chaser  must  haul  more  up ;  if  the  chase  draw  aft,  the 
pursuer  must  keep  more  away.  Applying  this  to  fig.  68,  the 
more  B  draws  aft,  that  is,  the  slower  he  goes,  the  more  direct 
must  be  A's  approach,  according  to  this  principle  of  chasing. 
Now  suppose  B,  instead  of  standing-on  rapidly  in  the  hue  B  C 
converging  gradually  to  A's  course,  were  to  remain  as  stationary 
as  possible,  keeping  her  broadside  turned  towards  A,  it  is  evident 
that  A  (whom  we  suppose  desirous  of  coming  to  close  action) 
cannot  approach  under  the  fire  of  B  without  obvious  disadvan- 
tage ;  consequently  the  slower  B  moves  on  the  line  B  C,  the 
more  inclined  to  that  line  must  be  the  course  of  A's  advance,  as 
A  D,  and  the  more  he  will  be  exposed  to  a  raking  fire  in  coming 
down.  If  the  ship  A  be  so  circumspect  as  to  come  down  on  a 
line  A  E,  out  of  range,  B  should  not,  upon  any  accoimt,  stand-on 
to  meet  him,  if  the  relative  force  of  the  ships  demand  circum- 
spection on  the  part  of  B ;  for  doing  this  would  be  acting 
exactly  in  the  manner  A  wishes,  as  is  evident  by  such  a  move- 
ment falling  in  with  his  plan  of  attack.  But  if  A  come  down  in 
any  line  A  D  within  range,  then  B  should  follow  hini  with 
his  broadside  steadily  bearing,  as  F,  and  in  this  way  should  not 
object  to  come  to  close  action,  the  previous  advantage  having 
been  hia. 

568.  If,   having  moved  upon  the  line  A  E,  fig,  69,  out  of 
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range,  the  ship  A  should  oome  to  the  wind  at  E  on  the  sam€ 
tack  as  B^  and  there  wait,  B  should  then  run  up  to  close  action 
and  raking  A's  stem,  as  at  C,  engage  him  to  leeward,  if  he  wil 
permit.    If  A  should  decline  this,  and  bear  up,  as  F,  fig.  70,  U 

Fig.ro. 


avoid  being  raked,  B  may  either  do  so  too,  and  engage  hin 
going  free,  as  at  P,  on  even  terms,  or  stand-on,  and,  crossing  hi 
stem  at  D,  keep  his  wind  and  manoeuvre  afresh. 

If  A,  having  come  down  in  the  line  A  E,  out  of  range,  shonlc 
haul  up  at  A  2,  fig.  71,  on -the  contrary  tack,  B,  if  he  i 
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desirous  of  close  action,  should  immediately  wear,  or  tack,  and 
stand-on  slowly,  as  B  2.  K  A  keep  his  wind,  B  should  wait  foi 
him,  and  thus  engage  to  leeward  upon  equal  terms ;  but  if  A 
attempt  to  bear  up,  across  B's  stem,  to  rake  him  in  passing  tc 
leeward,  then  B  may  either  bear  up  to  avoid  being  raked,  and 
thus,  as  in  fig.  70,  engage  A  close,  going  free ;  or  waiving  this, 
accept  close  battle  upon  A's  terms,  as  the  "  Shannon  "  did  the 
"  Chesapeake."  To  execute  this,  B  should  not  reduce  his  sail, 
but  by  keeping  the  maintopsail  to  the  mast,  avd  the  others 
shaking,  or,  when  off  the  wind,  by  Iradng-by  as  flat  as  possible, 
just  keep  the  vessel  under  the  influence  of  her  helm,  and  nc 
more. 
569.   But  it  may  be  said,  a  cautious,  intelligent  enemy. 
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attacking  from  the  windward,  will  come  down  abaft  B*8  line  of 
fire,  fig.  72,  as  the  "  Chesapeake "  did  upon  the  "  Shannon,'' 
and,  when  nearly  in  his  wake,  either  run  up  to  windward,  or 


Fig.  72. 


P 

pass  to  leeward,  as  he  may  choose,  if  B  will  wait  for  him,  or  if  A 
outsail  B.  But  whether  the  action  is  to  be  thus  fought  or  not, 
will  neither  depend  upon  B's  sailing  nor  upon  A's  pleasure,  if  B 
manoeuvre  properly ;  for  if  he  have  any  reason  for  not  desiring 
such  a  plan  of  action,  and  should  not  think  proper  to  give  A  an 
opportunity  of  raking  his  stem,  in  passing  to  engage  him  to 
leeward,  he  should  tack  or  wear  at  a  convenient  time,  and 
stand-on  slowly  the  other  way.    Thus  if  A  1, 1%.  73,  perceiving 

Fig.  73. 

Ai 


AS 


As 


Bi  «* 


^ 


B  1,  laying  to  leeward,  shape  a  course  to  run  down  into  his 
wake,  B  1  should  tack  or  wear  in  time,  and  stand  on  as  B  2, 
towards  A  2 ;  and  this  manoeuvre  will  bring  the  case  exactly 
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to  that  which  has  been  considered  in  figs.  68,  69,  80.  If  B  J 
neglecting  or  waiving  this,  stand-on,  and  let  A  1  get  close  in  hi 
yake,  then  A  1  may  bear  up,  and,  raking  B  I's  stern,  engage  hii 
to  leeward.  This  is  an  obvious  advantage  which  the  "  Chess 
peake  "  might  have  availed  himself  of  (as  Sir  Philip  Brok 
admits)  instead  of  ranging  up  to  windward  of  the  "  Shannon ; 
and  it  is  one  which,  had  it  been  taken,  would  most  probabl 
have  gained  some  previous  advantage.  There  is  no  way  i 
which  B  1,  having  permitted  A  1  to  come  close  in  his  wake,  ca 
now  avoid  sustaining  some  previous  disadvantage,  if  A  1  shoul 
try  to  rake  his  stem.  For  if  B  1  tack  to  avoid  it,  he  will  firj 
expose  his  stem,  B,  fig.  74,  to  be  raked ; — ^he  will  be  severe! 


Fig.  74. 


punished  whilst  In  stays  by  a  fire  in  great  part  diagonal, — if  1 
hang  in  stays  he  will  be  utterly  destroyed;  and  in  comin 
round  upon  the  other  tack  he  may  fall  off,  nearly  end-o 
towards  A  2,  as  at  B  3.  No  good  officer,  indeed,  would  attem] 
such  a  method  of  avoiding  being  raked ;  and  ii^  on  the  contrar 
B  bear  up,  as  B  2,  fig.  75,  to  prevent  this,  her  opponent  . 


Fig.  76. 
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may  luff-to,  and  take  him  before  B  can  get  away,  and  theu 
manceuvTti  for  fresh  advantage. 

Now  if,  on  the  contrary,  B  should  have  tacked,  as  suggested 
in  Art,  568,  and  stand-on  towards  A,  aa  B  2,  figa  74  and  76, 


..gg^.- 


.-^ 


.^ 


then,  if  the  offensive  movement  be  continued  within  range,  B 
should  deaden  Iiis  way  as  much  as  possible,  and  open  his  fire 
upon  A  coming  down,  keeping  bis  broadside,  as  at  B  3,  B  4, 
steadily  bearing,  and  thus  follow  the  movement  of  A  2,  A  3, 
gradually,  till  both  sliipa  come  close ;  and  thus  again  the  cofn- 
mander  of  B  could  have  no  objection  to  close  action,  the  previous 
advantage  having  been  his. 

570.  If  this  reasoning  be  correct,  the  best  way  for  a  vessel  B, 
fig.  77,  overleaf,  to  leeward,  to  receive  an  attack  with  circum- 
spection, from  a  vessel  A,  to  windward,  is,  never  to  let  A  come 
down  into  bis  wake ;  but  having  tacked  in  time,  as  B  2,  stand-^n 
slowly  till  A  approach  within  B's  fire,  from  which  time  B  should 
keep  as  stationary  as  possible.  Supposing  the  vessels  to  be  of 
nearly  equal  force,  it  may  be  assumed  that  A  has  no  intention  of 
avoiding  action;  but  after  he  is  once  brought  to  the  position 
A  4,  it  is  evident  he  cannot  approach  nearer  to  B  manceuvring 
thus  without  receiving  a  mass  of  fire  which  he  cannot  retiun. 
If  he  shape  his  course  to  cross  B's  bows,  the  counter-manceuvre 
which  B  shoiUd  apply  is  not  velocity,  but  gradual  change  of 
position,  in  steady  broadside-bearing,  with  as  little  way  as  pos- 
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sible,  following  A*s  bow  with  the  broadside,  so  long  as  he  tA 
to  cross  B's  bow, — an  attempt  which  can  only  be  continued  ti 
A  come  close  to  the  wind  on  the  larboard-tack ;  and  here  aga 
there  would  be  no  objection  to  bring  on  close  action  in  this  wa 
the  previous  advantage  having  been  to  B.  If,  in  thus  roundin 
to,  tiie.  vessels  should  get  foul  of  each  other,  it  will  be  in  a  poi 
tion  favourable  to  B,  as  E,  F,  fig.  77,  if  the  manoeuvre  ha' 
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been  properly  and  steadily  executed ;  and  this  will  bring  on 
character  of  combat  (boarding)  which  we  always  desire.  Thei 
manoeuvres  will,  at  all  events,  refuse  to  A  the  opportunities 
which  we  have  supposed  him  to  be  desirous,  viz.,  previous  distai 
cannonade  on  his  own  terms ;  and  therefore  it  appears  that  th 
method  of  manoeuvring,  in  receiving  an  attack  from  the  win< 
ward,  is  favourable  for  ships  which  are  not  at  liberty  to  receii 
battle  under  any  disadvantageous  tactical  circumstances. 
571.  The  author  is  quite  aware  that  there  may  be  difficulti^ 
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aa  well  as  facilities  in  executing  these  manoeuvres  that  will  re- 
quire modifications,  and  in  some  cases  perhaps  abandonmenta, 
in  the  theories  he  has  endeavoured  to  suggest  But  many  of 
those  cases  which  demand  modifications,  or  which  pteBent 
facilities,  have  already  been  noticed  in  the  several  articles  (507 
to  51i  inclusive)  which  relate  to  distant  practice,  close  battle, 
raking  fire,  dismantling-sliot,  &c.  There  are,  however,  some 
general  considerations  which  it  will  always  be  necessary  to  keep 
in  mind,  with  strict  application  to  the  immediate  case,  by  which 
the  experienced  commander  will  not  foil  to  be  correctly  guided. 
From  the  improved  construction  of  our  ships  in  quality  of  sail- 
ing, they  are  not  so  well  calculated  to  manceuvre  quickly  as  our 
old  ships  were.  In  a  considerable  breeze  it  ia  extremely  difficult 
to  moderate  their  velocity,  when  nearly  before  the  wind,  by 
hracing-htf.  This  renders  it  very  difficult  to  keep  a  free  course 
for  any  particular  bearing  of  the  guns,  without  either  going 
too  fast  to  preserve  that  bearing,  or  yawing  frequently.  In 
lulHng-to,  also,  our  long  ships  are  very  slow,  and  in  executing 
it  run  over  a  great  space  of  water ;  so  that  in  the  smoke  of  a 
broadside  discharged  in  this  act,  there  is  great  risk  of  a  ship 
getting  a-back,  and  being  obliged  to  box-off,  or  of  losing  her 
head-way,  and  remaining  for  a  considerable  time  in  this  position, 
which  is  forcibly  termed  being  in  irons.  To  get  ber  out  of  this 
awkward  position  the  ship  must  be  paid  off,  by  backing  the 
head-sails.  This  exposes  her  to  the  chance  of  making  a  strong 
stem-board  (particularly  with  the  fore-sail  set),  and  will,  at  all 
events,  throw  lier  long  out-of-hand  before  she  recovers  head-way ; 
and  then  heavy  yards  are  to  be  braced  round,  perhaps  under 
the  guns  of  a  closing  enemy.  Before  any  manoeuvre  is  attempted, 
therefore,  the  actual  position  of  the  contending  ships,  the  state 
of  the  sea  and  weather,  should  be  considered,  and  experience 
consulted,  as  to  the  time  the  ship  may  t«ke  to  tack  or  wear, 
compared  with  the  distance  the  enemy  may  run  in  that  time,  or 
the  time  required  for  the  enemy  to  make  whatever  counter 
manceuvre  may  seem  to  suit  the  case,  and  the  consequent  pof 
tions  to  which  the  two  ships  will  thus  be  brought. 

572.  The  action  between  the  "  Macedonian  "  and  the  "  Un 
States"  was,  in  tactical  dreumstancea,  of  a  nature  different  fi 
those  cases  which  have  been  considered  in  Arts.  567  et 
2  N  2 
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The  British  frigate  was  to  windward,  and  ran  gallantly  directly 
down  upon  the  American;  but  in  doing  tliis  waa  so  severely 
damiiged  that  the  upper  deck  was  almoat  entirely  disabled  by 
the  raking  fire  of  the  "  United  Statea,"  then  laying  steadily  to 
leeward. 

In  the  action  between  the  "  Java "  and  the  "  Coustitntion," 
tlie  British  frigate  was   to   windward.     Tbe  American   vessel 
tacked  and  stood  away  free  soon  after  she  waa  discovered.     At 
11  A.M.  the  "Java"  hauled  up,  bringing  the  wind  on  the  port 
quarter.     At  1  50  p.m.  the  "Java"  shortened  sail,  bore   down 
upon  the  "Constitution's"  quarter,  and  received  her  first  two 
broadaides,  which  did  little  or  no  damage  to  tlie  "  Java,"     The 
British  frigate  then  luffed-to  on  the  American's  weathep-beam, 
almost  touching,   gave  her  first  broadside,   which  killed  and 
wounded  between  forty  and  fifty  of  her  people ;  but  from  the 
total  inexperience  in  gunnery  of  the  crew  of  the  "  Java,"  she 
appears  to  have  seldom  hit  her  oppcment  afterwards.     In  ma- 
nteuvring,  the  British  frigate  was  well  handled,  and  obtained  r 
positions  which,  had  they  been  as  effectually  taken  advantage  of  j 
by  good  gunnery  as  they  were  conceived  and  executed  with 
great  nautical  skill,  must  have  produced  a  very  thfferent  result  ' 
from  that  which  unhappily  ensuGd.     The  "Java"  passed  at  one  ' 
time  under  the  ateru  of  the  "  Couatitution "  ao  close,  that  lier  j 
ensign  almost  touched,  when  the  latter  put  her  helm  up  and 
made  sail,  upon  which  the  "  Java  "  instantly  put  her  helm  down,  I 
passed  up  cloae  under  the  stern  of  the  "  Constitution,"  and  got  i 
again  on  her  weather-quarter.     Soon  after  this  the  "Java"  lost  ( 
the  head  of  her  bowsprit,  and  became  much  damaged  from  the  ' 
fire  of  her  opponent ;  when  it  was  determined,  as  a  last  hope,  to  j 
board  the  "Constitution,"  and  the  "Java"  bore  up  for  that  pur-  | 
pose.     Whilst  doing  so,  the  head  of  her  bowsprit,  actually  rubbed  I 
along  the  quarter  of  the    "  Constitution,"  which   brought  the 
"Java"  up  in  the  wind ;  and  in  this  porition  she  remained  for 
upwards  of  an  hour,   a  mark  for   cool  targets-practice.      The 
"Constitution"   at   length   came   under  the   broadside  of  the 
"Java,"  when,  finding  her  fire  far   from  being  aileaced,    the 
American  frigate  made  sail,  and  went  out  of  action  for  an  hour, 
leaving  the  "Java"  with  her  mainmast  only  standing,  with  the 
weather-half  of  her  main-yard  broken  aloft,  which  she  soon 


THE  "JAVA"  AND  "CONSTITUTION." 


543 


warda  rolled  away.  A  topgallant-raast  was  rigged  as  a  jury- 
foremaat,  and  a  stay-sail  set,  forward,  in  the  vain  hope  to  get 
before  the  wind.  The  "Constitution,"  seeing  this  attempt,  re- 
turned to  the  fight,  and  took  a  position  right  a-head  of  the 
"Java."  Further  resistance  would  have  been  unavailing,  and 
the  "Java"  accordingly  struck  her  coloura.  It  is  impossible  to 
pass  from  the  relation  of  this  action,  in  which  ao  much  nautical 
skill  and  gallantry  were  uiiavaihngly  displayed  by  Captain 
Henry  Lambert,  who  fell  mortally  wounded  by  a  musket-ball 
fired  from  one  of  the  tops,"  and  by  her  first  lieutenant,  H.  D, 
Chads,  without  noticing,  as  a  remarkable  and  interesting  inci- 
dent in  the  career  of  Rear-Admiral  Chads,  that  he  was,  by  his 
great  merits,  placed  in  a  situation  which — if  sufficient  extension 
and  permanency  be  given  to  the  corps  of  seamen-gunners  to 
meet  the  wants  and  exigencies  of  the  service  (Art,  27,  33) — will 
effectually  prevent  the  recurrence  of  disasters  arising  from  such 
a  cause,  by  the  zeal,  experience,  and  practical  skill  with  wliich 
this  diatinguishetl  officer  directed  and  superintended  the  im- 
portant institution  over  which  he  presided,  for  teaching  the 
science  and  improving  the  practice  of  gunnery  in  the  British 
navy. 

073.  In  this  action  there  was,  on  the  side  of  the  British 
frigate,  excess  of  gallantry,  but  very  little  circumspection ;  and 
it  is  melancholy  to  reflect  that  such  gallantry  should  have  ter- 
minated so  disastrously.  If  the  British  frigate  had  manteiivred, 
the  "  Constitution  "  would  not  have  run  away.  Its  commander 
might  have  hesitated  to  meet  the  manoeuvre,  and  join  fairly  in 
close  battle :  he  would  probably  have  waited  to  see  whether  or 
not  the  British  commander  would  be  so  incautious  as  to  approach 
him,  knowing  well  that  such  a  step  would  operate  in  his  favour. 
If  our  frigate  had  run  down  astern,  the  American  would  either 
have  tacked  or  waited;  if  not,  he  had  fied,  and  we  had  tri- 
:  but  no — if  we  had  been  more  cautious,  he  would  have 
a  fcM  so.  It  appears,  th  'efore,  that  battle  should  first  have 
jeen  offered  upon  e<iual  U  by  commencing  the  ordinary 


the  fate  of  Nulaou  in  nrginv 
of  llie  improved  rifle  and 
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manoeuyre  of  running  down  in  the  wake.     If  the  British  frigate, 
represented  by  A,  fig.  78,  declining  this,  had  brought-to,  as  at 

Fig.  78. 
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A  2,  the  American,  B,  fancying  her  rather  shy,  would  certainly, 
after  some  time,  have  approached.  This  he  probably  would  hkve 
done  by  tacking,  as  at  B  2,  and  standing  close  upon  the  star- 
board tack  into  A's  wake,  and  then  tacking  towards  her,  as  at 
B  3.  Now,  if  B  tack  in  A's  wake,  B  cannot  go  to  windward  of 
A,  nor  rake  him,  except  partially,  by  luffing-up  in  the  wind,  or 
by  keeping  away,  both  of  which  would  be  random  and  very  in- 

Flg.  79. 
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officient  volleys  (Arts.  513,  5]  4).  But  if  B  should  stand-on,  as 
at  B  1,  fig.  79,  and  tack,  as  at  B  2,  to  windward  of  A's  wake, 
tben  it  would  be  advisable  for  A  to  tack  also,  aa  at  A  2,  because 
B,  by  acting  thus,  may  be  suspected  of  an  intention  of  crossing 
A's  stem,  to  rake  bim  before  lie  engage  Iiim  close  to  leeward, 
aa  at  D.  Now  if  A  tack,  it  ia  evident  that  upon  t-liin  course  also 
he  will  go  to  windward  of  B  ;  and  if  B  proceed  to  B  3,  A  3  may 
lay  atToes  his  bows  and  rake  him,  This  B  will  not,  of  course, 
suffer ;  and,  to  prevent  it,  must  either  wear  or  tack  again.  If  he 
tack  and  thci-e  wait-,  as  at  B  4,  A  may  run  up  alongside,  and  en- 
gage him  to  windward  at  C,  in  close  action ;  or,  crossing  B'a  stem, 
light  him  to  leeward,  as  at  E  ;  in  either  of  which  cases  A  will 
accomplish,  by  pre\Hous  manceuvre,  the  verj-  nature  of  action 
which  he  had  offered  at  first,  but  which  B  then  declined.  If, 
from  the  position  B  2,  fig.  79,  B  keep  away,  as  B  2,  fig,  80, 
when  he  sees  that  A  has  tacked,  as  at  A  2,  figs.  79  and  80,  then 
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A  (being  still  either  out  of  range  or  at  very  random  i 
should  wear  round  to  engage  B,  going  free,  i 
B  4 ;  but  if  B  try  to  cross  A's  bows,  he  should  « 
dually,  deadening  his  way  as  much  as  may  be  n 
his  broadside  bearing  upon  B,  as  A  5,  A  *),  l^.% 
no  objection  to  close  action,  either  by  ban] 
waiting  for  B,  or  by  staiiding-on,  A  8,  and  ( 
rake  him. 

■ilA.  The  action  between  the  "Shannon" 
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peake"  reflect*  upon  the  victors  Immorlal  honour,  oadnodis^ 
credit  on  the  vauquished.  Its  characteristics  are,  that  though 
the  enemy  did  not,  as  usual,  commence  with  distant  cannonade 
yet  he  was  so  far  circumspect  in  his  approach,  aa  not  to  har4 
been  pre-exposed  to  the  "Shannon's"  fire,  having  come  dowil 
aatem,  and  only  received  the  fire  of  the  British  frigate's  aftem 
main-deck  gun  and  quarter-deck  carronade  before  he  opened 
his  own  fire.  The  rapidity  and  precision  of  the  "  Shannon'sl) 
fire  were  irresistible ; — ^the  enemy  was  beaten  in  eleven  nuH 
nutes ! "  | 

In  this  remarkable  combat,  however,  it  must  Ke  observed  that; 
an  error  in  principle  was  committed  on  both  sides.  The  '■  Shan 
non  "  gave  the  "  Chesapeake  "  a  great  advantage  in  permitting 
her  to  approach  as  she  did.  The  "  Chesapeake"  committed  aa 
error  in  not  taking  advantage  of  it  as  she  might  have  done  ;  fo^ 
the  American  frigate  might,  when  near,  having  considerablq 
way,  suddenly  have  put  her  helm  up,  and  raked  the  "  Shannon*^ 


■  It  is  not  easy  to  account  for  tbe  facta  stated  in  the  report  given  in  thtf 
notoa  to  Art.  109,  respecting  the  deHcieiit  jjowera  of  peuetratiou  of  ih^ 
18-pounder  solid  shot  fired  from  H.  M.  frigaW  "  Sliaanon  "  into  tlie  "  CheRaAi 
peake."  It  appears  hy  that  Report,  which  was  made  from  an  actual  survey] 
that  sixteen  18-lb.  shot  did  not  ]ierfarate,  but  only  penetrated,  some  4,  Gj 
and  6,  aud  others  8  and  10  in. ;  and  timt,  of  the  shot  which  ]ia^ed  tlirou^kj 
thegreater  number  were  32-pouuder  carronade-ahot,  Some  uoespeoted  circum* 
stances  with  respect  to  relative  position  may  perhaps  account  for  this.  It  ii 
stated  in  James'  '  Naval  Jlistory,'  vol.  vi.  p,  201,  that  the  captain  of  Um 
"  Chesapeake,"  finding  he  was  ranging  too  kx  a-head,  bronght  his  ship  M 
sharp  to  the  wind  in  attempting  to  deaden  her  waj,  that  sne  lay,  in  com 
sequence,  for  some  time  with  her  stern  and  quarter  exposed  to  her  oppooenra 
broadside,  the  "Shannon's"  aftermost  guns  firing  dlagonaUy  into  the  "  flir  iiait 
poate;"  and  that  (p.  202)  the  "Chesapeake  making,  it  would  appear,  « 
stemboard,  fell  with  her  quarter  upon  the  "  Shannon's  "  side,  just  Iwfore  h^ 
starboard  main-chains,  and  hooked  with  her  quarter-port  the  fluke  of  thS 
"Shannon's"  anchor  stowed  over  the  chest-tree,  Thaie  changes  of  position 
may  be  considered  as  illustrations  of  what  has  been  said— (Art,  l08)^-th3 
naval  actions  are  subject  to  sudden  and  unforeseen  mutations  in  the  poettignS 
of  the  contending  vessels,  in  consequence  of  which  one  of  them  niay  suddonin 
be  exposed  to  oblique,  diagonal,  or  raking  fire,  and  thus  require  that  the  loada 
of  metal,  ond  charges  of  powder,  should  bo  varied  so  as  to  insure  penetraUov 
into  and  through  the  enemy's  ship,  however  she  may  be  struck.  The  pew  ~ 
trating  power  adequate  tn  tiiis  end,  in  every  poailjon  of  the  opponent,  ahotiL 
never  be  sacrificed  to  the  practice  of  using  only  the  load  and  charge,  whidi, 
may  be  barely  suf&cient  for  penetrating  in  direct  broadside-actjon.  May  not 
inattentdon  to  this  important  rule  have  been  omitted  in  the  proctJce  Of  '  * 
the  "  Shannon''?  It  apijears,  moreover,  that  the  shot  fired  from  the  " 
peake''  wet«  likewise  deficient  in  penetrating  power  (Art.  2G2). 
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by  her  eterii,  and  tlien  either  haiiled  off,  or,  coming  up  ^;ain, 
engaged  the  "  Shannon  "  to  leeward.  To  frnstrato  the  operation 
of  being  raked  by  the  stem,  whicff  the  "Shannon"  had  every 
tactical  authority  to  believe  waa  the  American's  intention,  the 
"  Shannon"  should  have  kept  away  or  tacked  as  soon  aa  she  saw 
such  a  course  shaping  towards  her ;  but  these  manoeuvres  would 
have  brought  on  a  running,  and  perhaps  a  less  decisive  fight. 
The  captain  of  the  "Shannon,"  under  the  peculiar  circum- 
stances of  the  case,  abiding  by  the  terms  of  the  defiance  he  had 
sent  to  the  captain  of  the  "  Chesapeake,"'  resolved  to  offer  the 
advantage  which  his  position  presented,  and  not  to  appear  to 
slirink  from  the  contest  he  had  long  sought. 


The  gallant  foe  disdained  to  avail  himself  of  the  tactical  ad- 
vantage which  his  bold  opponent  offered,  and  for  each  it  may  be 
said, — 

"  But  oiien  be  our  fight,  am]  bold  each  blow ; 
I  steal  uo  conquest  from  &  uoblo  foo," 

The  captured  frigate  was  taken  to  Halifax,  and  there  her 
gallant  captain,  killed  in  the  action,  was  burieJ  with  mihtary 
honours,  hia  funeral  attended  by  the  civil  authorities,  tlio  troops 
iu  garrison,  and  the  surviving  officers  of  the  "  Shannon,"  with 
the  exception  of  her  victorious  chief,  who  was  severely  wounded 
in  the  fight. 


■  James's  '  Naval  History,'  vol.  vi,  [i.  10;'. 
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PART    VI. 

ON    RIFLE-MUSKETS. 

575.  The  common  and  the  rifle  musket  are  weapons  of  whicl 
sufficient  use  has  not  hitherto  been  made  in  the  British  navy 
but  the  latter,  in  its  present  improved  state,  is  become  of  sucl 
importance,  that  in  all  probability  it  will  henceforth  be  verj 
generally  used  in  the  naval  as  well  as  the  land  service,  and  wil 
become  a  matter  of  great  public  interest.  An  account  of  th< 
new  muskets  for  projecting  elongated  rifle-shot  of  various  fonni 
(see  Arts.  179,  180,  181)  will  therefore  be  deserving  of  speda 
notice  in  the  present  work. 

576.  Naval  history  famishes  many  melancholy  proofs  of  th< 
danger  which  is  incurred  of  setting  fire  to  the  sails  and  rigging 
of  a  ship  in  action  by  firing  muskets  from  the  tops ;  and  Nelsoi 
was  so  weU  convinced  of  the  reality  of  such  danger,  that  hi 
forbade  the  practice  on  board  the  "  Victory"  in  the  action  o 
Trafalgar.  The  destruction  of  the  "  Alcide"  and  "  L'Orient ' 
on  former  occasions,  and  of  the  "  Achille  "  and  "  Bedoubtable  *' 
in  that  engagement,  prove  that  his  apprehension  of  such  i 
catastrophe  was  well  founded ;  but  it  is  remarkable  that  a  sho 
fired  from  the  rigging  of  the  "  Bedoubtable "  inflicted  on  thii 
country  the  severest  loss  it  ever  sustained  in  battle — the  deatl 
of  the  gallant  admiral  himself. 

We  refer  to  these  facts,  and  might  quote  numerous  instances 
on  record  of  ships  in  action  being  burnt  or  disabled  by  an  indis 
creet  and  reckless  firing  of  musketry  from  aloft,  amongst  th( 
sails ;  and  we  would  strongly  urge  the  necessity  of  prescribing 
by  regulation  the  circumstances  under  which,  only,  musketrj 
should  be  used  on  board  ship,  the  extent  to  which  it  should  b< 
adopted,  the  positions  of  the  marksmen  with  respect  to  the  sails 
and  the  direction  of  the  wind ;  we  would  also  urge  that  everj 


"  De  la  Oraviere,  translated  by  the  Hon.  Captain  Plunkct.      See  Art.  311 
Note  p.  309. 
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precaution  possible  should  be  taken  to  avoid  this  danger,  the 
most  formidable  that  can  happen  to  a  sliip  in  action, 

577.  The  new  rifle-muskets  are  wholly  indebted  to  the  adop- 
tion of  the  elongated  projectile  for  their  efEcieney  and  celebrity. 
Elongated  shot  possess,  when  their  axes  are  coincident  with  the 
path  they  describe,  the  properties  of  being  less  resisted  by  the 
air,  having  longer  ranges  and  greater  penetrating  power  than 
spherical  projectiles  of  the  same  diameter.  In  accordance  with 
these  views,  it  is  proposed  to  give  a  short  account  of  the  circum- 
stances which  led  to  the  introduction  of  the  elongated  shot  in 
the  French  army,  and  to  explain  tlie  several  modes  by  which  it 
has  been  proposed  to  force  the  shot  into  the  rifle  state  in  the 
several  muskets  and  carbines  that  have  since  been  constructed ; 
also  to  describe  more  particularly  the  several  improvements  that 
have  been  made  up  to  the  present  time  in  that  description  of 
rifle-musket  which  has  been  adopted  in  the  British  service, 

578.  It  is  a  remarkable  fact,  that  the  use  of  the  rifle  as  a 
military  arm  was  abandoned  by  the  French  in  the  early  cam- 
paigns of  the  Revolutionary  War ; '  and  it  was  not  revived  in 
the  service  till  after  the  "  Kestoration,"  when  it  was  brought 
forward  by  M.  Delvigne  in  the  novel  form  which  bears  his 

To  obviate  the  difficulty  and  loss  of  time  in  loading  ordinary 
rifles,  by  forcing  the  ball  into  the  barrel  by  repeated  blows  of 
the  ramrod  or  a  mallet,  on  account  of  which  the  use  of  that  arm 
had  so  long  been  suspended,  M.  Delvigne  proposed  that  the 
bullet  should  have  sufficient  windage  to  enter  freely  into  the 
barrel,  in  order  that,  when  stopped  by  the  contraction  of  the 
chamber  with  which  this  arm  was  furnished,  it  might  be  forced 
to  expand  and  enter  into  the  grooves,  on  receiving  n  few  smart 
blows ;  thus,  the  piece  being  fired,  the  bullet  would  come  out  a 
forced,  or  rifle  ball,  without  having  been  forced  in. 

But  this  ingenious  contrivance  was  nnt  t' ]  t.-  -■ 
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edge  of  the  chamber  on  wliich  the  ball  lodged,  not  beiog  oppo- 
site to  the  direction  of  tlie  blow,  did  not  form  a  sufficient 
support  upon  which  to  flatten  the  bull  when  struck  by  the 
ramrod,  and  thus  cause  the  bullet  to  expand ;  whilst  portions 
of  the  charge  of  powder  jireviously  poured  in,  haviug  lodged  on 
the  contraction,  cushioned  and  still  further  impeded  the  expan- 
sion of  the  shot ;  and  as,  obviously,  no  patch  could  be  used,  the 
grooves  were  liable  to  get  foul,  and  to  become  loaded,  to  an 
extent  which  by  no  means  could  be  eS'ectually  obviate<l. 

579.  To  remedy  this  defect.  Colonel  Thouvenin  proposed  m 
1828  to  Biippresa  the  chamber,  and  substitute  a  cylindrical  tige 
or  pillar  of  steel  (C,  fig.  81,  opposite),  screwed  into  the  breech  in 
the  centre  of  the  barrel,  so  that  the  bullet,  when  stopped  by, 
and  resting  upon  the  flat  end  of  the  pillar,  directly  opposite  to 
the  side  struck,  might  more  easily  be  flattened  and  forced  to 
enter  the  grooves. 

580.  But  here  another  defect  appeared.  The  pillar  occupying 
a  large  portion  of  the  centre  of  the  barrel,  and  the  charge  being 
placed  in  the  annular  space  which  sun-ounds  it,  the  main  forc-e 
of  the  powder,  inst<?ad  of  taking  effect  in  the  axis  of  the  piece, 
and  on  the  centre  of  the  projectile,  acted  only  on  the  spherical 
portion  of  the  bullet  which  lies  over  this  annular  chamber,  and 
thus  the  ball,  receiving  obliquely  the  impulse  of  the  charge,  was 
propelled  with  diminished  force.  (*  Da  la  Creation  et  de  I'Emploi 
de  la  Force  Arm^e,'  pp.  44,  45,  Paris,  1848.)  The  next  improve- 
ment,  wliich  was  proposed  by  M.  Delvigne,  was  to  make  the 
bottom  of  the  projectile  a  flat  surface ;  the  body  cylindrical,  and 
to  terminate  it  in  front  with  a  conical  point  (A,  fig,  81,  opposite), 
thus  diminishing  the  resistance  of  the  air  comparatively  witli 
that  experienced  by  a  solid  of  the  same  diameter  having  a 
hemispherical  end.  The  form  of  the  projectUe  was,  therefore, 
an  approximation  to  that  of  Newton's  solid  of  least  resistance 
(Art.  179). 

581.  While  engaged  in  the  conquest  of  Algiers,  a  French 
army  of  one  hundred  thousand  men  was  long  kept  in  check  by 
the  nomadic  inhabitants  of  that  country,  a  people  ill-armed  and 
(piite  destitute  of  military  organization.  Favoured  by  their 
jxjwer  of  rapid  movement,  the  Arab  horsemen,  keeping  them- 
selvcB  at  a  distance,  directed  against  their  opponents,  who  wi 


we^^^ 
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deficient  in  cavalry,  a  destructive  fire  of  matclilocks,  and  i 
diately  retired  beyond  the    range    of  the 
muskets  carried  by  the  Euroijean  infantry, 
whose  solid  colnmns,  encumbered  with  artil     fj 
lery  and  baggage,  were  unable  to  follow  with   1 1 
BufBcient  rapidity.     The  necessity  ot  armine: 
the  French  infantry  with  weaponi  co]  i" 
of  affording,  with  considerable   precis    n 
fire,  a  more  extensive  range  than  coul  I 
obtained  from  common  muskets  was  im 
diately  felt ;  and  ten  battalions  of  chis 
(infantry),  which  were  organized  m   I 
were   armed  with    the    pillar  breech    1 1 
musket     {Dehigne,  'De  la  Creation  d 
la  Emploi  de  la  Force  Annce,'  pp    1 1    I 
16,  45, }     It   is   probable   that  the   cirdini 
stances  above  mentioned  drew  the  attention 
of  military  men  in  general  to  inipiovements 
in  the  muaket  and  rifle.     In  1841  a  patent 
was   obtained  by  Captain  Tamiraer  for  \\\t. 
method  of  giving  steadiness  to  the  flight  1 1 
cylindro-conical  shot,  by  cutting  tliree  sharp 
circular  grooves,  each  .28  inch  deep,  on  the 
cylindrical  part  of  the  shot,  by  which  the  re- 
sistance   of  the  air  behind   the   centre    i  1 
gravity  of  the  projectile  being  increaseil,  Ih 
axis  of  rotation  was  kept  more  steadil)   in 
the  direction  of  the  trajectory,  the  gnxnet. 
being  to  this  projectile  what  the  feathers  are   \ 
to  the  arrow,  and  the  stick  to  the  rocket.' 

582.  The  following  is  a  brief  account  of 
the  French  Pillar-Breech  Musket,  with  ita 
latest  improvements : — 

"The  pillar-breech  musket  is  loaded  at 
the  muzzle  mth  a  leaden  projectile  of  the 
form  shown  at  A,  in  fig,  81  annexed ;  this 
projectile  is  .657  in.  diameter,  and  weigiis 

•  Some  vory  iatereating  experiments  liave  rrceutly  been  mailo  witii  rookols 
withouf  sticks,  a  rolaWry  motion  on  their  asca  heing  giTei\  by  ni.iking  llie 
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728  grftins.  The  barrel,  B  B,  of  the  mtiBket  is  34  inches  long, 
rilled  mth  four  grooves,  and  has  an  elevating-scale  or  sight  3^ 
inches  high ;  the  '  tige '  or  pillar,  C,  is  screwed  into  the  face 
of  the  breecb-pin.  The  cartridge,  containijjg  2J  drachms  of 
powder,  is  made  of  strong  paper,  which  is  tied  round  the  |hx>- 
jectile  at  the  groove  D,  near  its  base. 

"  In  loading,  the  soldier  breaks  the  cartridge,  when  the  powder 
falls  into  the  apace,  P  F,  round  the  pillar,  and  he  throws  away 
the  paper  of  the  upper  part  of  the  cartridge ;  the  ball,  which  is 
uearly  of  the  same  diameter  as  the  bore  of  the  piece,  ia  then 
made  to  rest  with  its  flat  end  on  the  bead  of  the  pillar ;  the  end, 
E,  of  the  rammer  being  countersunk  of  the  same  form  as  the 
point  of  tJie  ball,  the  soldier  gives  three  or  four  smart  blows 
upon  the  latter,  wliich,  beiug  supported  by  the  pillar,  is  short- 
ened in  length  and  widened  in  diameter,  so  as  to  force  the  lead 
and  paper  round  it  into  the  grooves  of  the  rifle.  The  point  of 
the  ball  is  held  in  the  axis  of  the  barrel  by  the  heat!  of  the 
rammer,  which  is  so  nearly  of  the  same  diameter  as  the  bore, 
that  no  sensible  variation  in  the  position  of  the  ball  can  take 
place :  when  fired,  the  projectile  is  constrained  to  follow  the 
grooves  of  the  rifle,  and  the  paper  protects  the  barrel  from  being 
leaded." 

583.  This  method  of  forcing  the  shot  into  the  rifled  state  has 
been  adopted  by  the  Austrians  and  some  of  the  smaller  German 
states ;  and  the  French  Chasseurs  d'Orleans  are  still  armed  with 
the  carabine-i-tige,  The  method  of  forcing  the  shot  into  the 
grooves  of  the  rifle  has  also  been  adopted  in  this  country  by 
Mr.  Lancaster,  in  bis  pillar-breecB  rifle,  which  is  much  used  by 
sportsmen,  and  was  proposed  by  bim  for  adoption  in  the  military 
service ;  the  length  of  his  musket  is  2  feet  8  inches,  the  charge 
of  powder  2J  drachms,  and  the  weight  of  his  cylindro-conoidal 
shot  710  grains  (troy).  The  grooves,  of  winch  there  are  foor, 
are  straight  to  the  extent  of  18  inches  from  the  breech ;  they 
then  take  a  spiral  form,   gradually  increasing  to  the  muzzle 


orificeB  OHt  of  wbioli  Uio  inflamed  and  ccmprwafld  composition  rusheH  oblique  to 
the  anifl  instead  of  direct.  I5y  this  contrivance  the  rotatory  and  propelliag 
powers  are  oomliined ;  and  bo  long  aa  the  (umeT  continues,  the  rocket  wiU  pro- 
ceed in  the  direction  of  tlie  tmjeet«ry,  at  riglit  angles  nearly  to  the  plnue  * 
rotation  (Art.  340). 
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{gaining  tteist),  making  a  quarter  of  a  turn  from  its  commence- 
ment :  this,  it  was  presumed,  ■would  give  to  the  projectile  great 
accuracy  of  fliglit,  with  the  least  recoil ;  but  it  appears  that, 
whatever  may  be  the  advantages  of  the  gaining  ttirint  in  firing  a 
spherical  bullet  or  a  conical  picket  (an  American  practice),  it  is 
totally- inapplicable  to  a  cylindro-conoidal  shot,  for  reasons  ably 
stated  by  Lieut-Colonel  the  Hon.  Alexander  Gordon,  in  his 
pamphlet  entitled  '  Bemarka  on  National  Defence/  Appendix, 
p.  32. 

584.  But  the  pillar-breech  musket  having  been  found  incon- 
venient in  cleaning,  the  chamber  round  the  stem  becoming  soon 
fouled,  the  pillar  liable  to  be  broken,  and,  after  firing  some 
rounds,  the  operation  of  ramming  down  so  fatiguing  to  the  men 
as  to  make  them  unsteady  iu  taking  aim,  M.  Minio,  previously 
distinguished  as  a  zealous  and  able  advocate  for  restoring  the 
rifle  to  the  service  in  an  improved  form,  pro-  p,^  ^^ 
posed  to  suppress  the  tige,  and  substitute  for  it  i 
on  iron  cup,  J  (fig,  82),  put  into  the  wider  end  of  i 
a  conical  hoUow,  a,  mode  in  the  shot:  this  cup  \ 
being  forced  further  in  by  the  explosion  of  the  ■ 
charge,  causes  the  hollow  cylindrical  portion  of  / 
the  shot  to  expand  and  fix  itself  in  the  grooves,  so  \ 
that  the  shot  becomes  forced  at  the  moment  of  J 
discharge.^  A  slip  of  cartridge-paper  is  wound 
twice  round  the  cylindrical  part  of  the  projectile, 
so  that,  as  the  latter  does  not  become  forced  or 
riiled  till  the  charge  is  fired,  it  fits  so  tightly  to" 
the  barrel  as  to  be  free  from  any  motion  which 
would  be  caused  by  the  carriage  of  the  rifle  on  a  march,  or  b 
its  bemg  handled  before  the  shot  is  fired. 

The  reader  will  perceive  that,  unless  the  cup  b  (fip- 
driven,  by  the  first  action  of  the  explosion  of  the  cJ 
into  the  conical  space  in  which  it  is  placed,  as  to 
to  enter  into  the  grooves  of  the  rille  before  the  [ 


■  This  is  the  expedient  for  forcing  this  Bhot,  80  we 
on  riflo-ahootiag  in  Ceylon,  whjoh  appenrei!  in  tbe 
March,  1851,  and  which  tlie  reader  of  that  article  wl 
method. 
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will  be  no  robiUon — the  paper  wrapt  round  the  shot  not  sufficing 
for  this  purpose. 

In  tile  experiments  of  1850  it  was  found  that  the  hollow  part   ' 
of  the  MiEu6  cylindro-conical  shot  was  very  frequently  separated 
entirely  from  tlie  conical  part  by  the  force  with  which  the  clip   , 
was  driven  into  the  hollow  part  of  the  shot,  and  sonietimes   ' 
remained  so  firmly  fixed  in  the  barrel  that  it  could  not  be  ex- 
tracted ;  but  in  the  more  recent  trials  with  shot  made  by  com- 
pression and  with  better  lead,  no  such  failure  occurred. 

585.  The  principle  of  placing  and  igniting  the  charge  in  front 
of  the  projectile  by  means  of  a  needle,  was  patented  in  England 
by  Abraham  Mosar  on  the  15th  of  December,  1831 ;  liis  musket 
was  submitted  to  the  Board  of  Ordnance  for  trial  in  1834,  but 
the  method  of  loading,  namely,  at  the  muzzle,  was  very  compli- 
cated ;  and  the  inventor  not  having  pecuniary  means  sufficient 
to  improve  and  carry  out  hia  invention,  no  trials  were  mode.    | 
While  efforts  were  being  made  io  France  to  augment  the  power    | 
and  accuracy  of  small-arms,  loaded  at  the  muzzle,  as  already 
described,  M.  Dreyse,  of  Sommerda,  in  Thuringia,  was  led  to    | 
try  whether  the  inconvenience  of  ramming  down  and  flattening 
the  shot  might  not  be  got  rid  of  by  loading  the  barrel  at  the 
breech — an  old  project  (see  Art.  234) ;  and  he  suggested  a  plan 
for  this  purpose,  which  has  been  adopted  to  a  great  extent  in 
the  Prussian  army.     . 

58ti.  The  Prussian  rifled  musket  for  firing  cylindro-eonical 
shot  is  designated  "  zundnadelgewehr,"  from  the  ignition  of  the 
chaise  being  produced  by  passing  a  needle  through  the  car- 
tiridge,  to  strike  the  percussion-powder  placed  in  the  wooden 
bottom,  or  spiegel,  as  shown  in  fig,  83,  opposite.  The  following 
is  a  description  of  the  musket,  which  is  loaded  at  the  breech  : — 

"  The  barrel,  A  A,  which  is  34  inches  long,  is  rifled  with  four 
grooves,  and  has  a  'hausse'  or  eight  adapted  to  distances  of 
600  metres ;  it  is  screwed  into  the  end  of  a  strong  open  guider 
or  channel,  B  B  :  the  chamber,  properly  so  called,  is  bored  out 
from  behind,  conically  in  a  slight  degree,  so  that  when  the  car- 
tridge is  placed  in  it,  the  shoulder,  C  D,  of  the  ball  shall  meet 
and  be  stopped  by  the  projections  or  ribs  of  the  rifling,  the 
body  of  the  shot  being  of  suiKcient  diameter  to  fill  the  full 
depth  nf  the  grooves.     Inside  of  the  guider  slides  an  iron  tube. 


i>ntMbe,j 


E  E,  with  a  strong  '  hebel '  or  handle,  F,  attached,  t 
the  front  end  a  space,  G  G, 
of  about  1^  inch  in  length. 
In  the  middle  of  tliis  space  is 
a  '  tige '  or  pillar,  H,  which, 
instead  of  being  solid,  like 
that  of  a  pillar-breech  i 
ket,  ia  pierced  with  a  small 
hole  in  its  entire  length, 
and  through  this  passes  the 
needle,  N,  which  is  to  ignite 
the  charge  :  the  steel  tige  is 
screwed  from  behind  into  a 
solid  plate  of  iron,  J  J,  left 
in  the  tube  E  E  ;  and  this  ■ 
plate  it  is  wluch  (like  the 
breech-pin  of  the  ordinary 
musket)  receives  the  whole 
reactionary  force  of  the 
charge.  Behind  the  plate, 
J  J,  there  is  a  second  tube 
of  iron  (which  could  not  be 
shown  in  the  drawing)  hav-  ■ 
ing  a  doable  catch-spring 
attached,  and  carrying  with- 
in it  a  small  inner  tube  of 
iron,  K  K  fig.  8i),  having 
two  projecting  rings,  L  L 
(figs.  83,  84),  on  one  moiety 
of  its  length,  and  a  spiral 
spring,  M  M,  sliding  on  the 
other  half.  Through  the 
tube,  K  K,  passes  the  needle, 
N  N  N  N,  wliich  is  a  thin 
steel  wire  about  -03  inch 
diameter,  bluntly  pointed 
at  the  end,  which  is  to  ig- 
nite tlie  charge ;  at  the  other 
end  it  is  screwed  into  a  brass  head,  0,  and  this 


562  NATAL  GFNNEHY.  PiBTTT.n 

the  inner  tube,  which  carries  the  spiral  spring.  The  tri^er, 
which  is  of  a  peculiar  form,  and  haa  a  bolt-movement  in  firing, 
could  not  be  shown  intelligibly  in  the  diagram.  It  has  a 
knuckle-catch,  so  that,  when  pressed  down,  it  admits  of  the 
whole  mechanism  of  the  tube,  E  E,  being  drawn  out  from  ■ 
behind,  when  tlie  parts  can  be  taken  to  pieces,  cleaned,  and  put 
together  again  by  the  soldier  in  a  few  minutes,  there  being  no  , 
pina  whatever  and  no  screw,  except  that  by  which  the  oeedle  is  j 
connected  with  the  inner  tube, 

"The  shot  for  the  'needle-prime'  musket  is  of  the  form^ 
shown  by  the  dotted  lines  in  the  upper  part  of  fig.  85,  and 
weighs  437^  grains,  or  exactly  one  ounce  avoirdupois ;  its 
diameter  at  the  shoulder  is  .632  in.  Uuderneath  the  shot  ia 
the  '  Spiegel '  or  bottom,  of  equal  diameter,  formed  of  wood, 
covered  with  brown  paper  and  hai'd  rolled,  with  a  hollow  at  the  ' 
upper  end  to  receive  the  lower  end  of  the  ball ;  beneath  it  is  s  | 
small  cup  (P,  fig,  83),  to  contain  the  igniting  composition,  which  I 
is  pressed  hard  by  mechanical  means.  The  cartridge  is  made  I 
of  paper  somewhat  thicker  than  tliat  used  in  onr  service ;  a  j 
small  square  piece  is  first  pressed  by  the  hand  against  one  end 
of  the  wooden /ormer,  and  this  constitutes  the  end  or  bottom; 
another  oblong  piece  is  pasted  on  the  edge  of  one  side  and  one  i 
end,  and  rolled  once  round  the  former,  the  pasted  end  being; 
pressed  close  and  fiat  round  the  bottom  ;  when  drj',  the  powder 
(62  grains,  or  about  2\  drachms)  ia  first  put  in ;  after  which  the  , 
Spiegel  with  the  priming-composition  is  placed  downwards  npoa 
the  powder,  and  then  the  shot.  The  paper  is  tied  round  the 
point  of  the  shot,  and  its  end  is  cut  off  smooth.  This  end  of 
the  cartridge  is  dipped  into  melted  tallow  as  far  as  the  Bhoolder 
(C  D)  of  the  projectile. 

"  At  the  lower  part  of  the  barrel  is  the  sliding  tube  through 
which  passes  the  needle  for  igniting  the  charge :  this  tube  is 
capable  of  being  moved  backwards  or  forwards  in  the  barrel, 
near  the  breech,  by  means  of  a  pin  or  handle  in  its  side,  which 
passes  through  a  perforation  similar  to  a  bayonet-notch  in  the 
side  of  the  barrel.  When  the  tube  is  drawn  as  far  as  tbe  perfo- 
ration will  allow  towards  the  stock,  there  is  formed  an  open 
chamber  between  its  extremity  and  the  nearest  extremity  of  the 
barrel ;  and,  by  means  of  this  chamber,  the  charge  is  introdoced 
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into  the  barrel.  The  tube  ia  then  pressed  forward  till  its  extre- 
mity, which  is  in  the  form  of  a  fi-ustum  of  a  cone,  is  in  contact 
with  the  rear  extremity  of  the  barrel ;  this  extremity  havmg 
the  form  of  a  hollow  cone  to  receive  the  end  of  the  tube :  the 
pin,  or  handle,  being  then  turned  round  in  the  notch,  the  tube 
is,  as  it  were,  locked  in  close  contact  with  the  barrel.  In  this 
state  the  needle  in  the  tube  is  in  connection  with  the  trigger  of 
the  lock,  and  the  musket  is  ready  for  being  fired,"" 

587.  The  escape  of  gas  at  the  junction  of  the  chamber  and 
barrel  is  considered  by  all  as  a  great  objection  to  the  needle- 
prime  mnsket ;  it  is  stated  that  the  point  of  the  igniting-needle 
soon  becomes  furred,  so  that  it  ia  difficult,  and,  after  a  time, 
impossible,  to  draw  it  back  by  the  thumb.  The  Prussians,  how- 
ever, appear  to  be  quite  confident  of  the  superiority  of  the 
latter  over  other  riile-musketa ;  their  Government  is  said  to 
have  caused  60,000  stand  of  these  arms  to  be  executed,  and  at 
least  half  as  many  more  are  ordered.  Their  fusiliers,  who  are 
armed  with  the  needle-prime  musket,  have  also  a  short  sword, 
with  a  cross  hilt ;  this  they  plant  in  the  ground ;  and,  lying 
down,  they  use  the  hilt  as  a  rest  for  the  purpose  of  taking  a 
steady  aim. 

In  1850  some  experiments  were  made  at  Woolwich,  under 
the  direction  of  the  Committee  on  Small  Arms,  when  it  was 
found  that  in  the  operation  of  opening  and  closing  the  breech, 
by  withdrawing  to  load,  and  replacing,  when  loaded,  the  bolt 
(which  acts  in  a  manner  resembling  that  of  fixing  the  bayonet) 
required  a  great  deal  of  manual  strength,  particularly  when  the 
piece  got  heated  and  foul.  Also,  while  attending  the  experi- 
ments of  1850,  at  Woolwich,  the  author  was  very  much  struck 
with  an  important  objection  in  the  very  apparent  escape  of  gas 
from  the  breech,  This  defect  increased  to  such  a  degree  in 
continued  firing,  even  with  a  new  piece,  that  the  flash  indicating 
a  copious  escape  of  gas  became  very  apparent,  and  wan  at  lengtl 


■  The  use  of  carbines  loaded  at  the  breech  ia  much  rcconimeDde 
General   R^mond.     The  General  proposes,  with  them,   to   employ  inl 


formed  three,  and  e 
the  fire  of  those  in  tht 
the  muzzle,  by  tlie  i 
ramrod,     (r.  6.) 


■e  deep— the  front  rani  men  being  not  eipoe 
iiJT,  which  is  the  case  when  tho  muBKeta  are  ' 
1  raising-  the  right  hand  to  the  head  in  i 
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sensibly  felt  in  tlio  faco  of  tbe  man  who  fired,  and  tlie  soldier 
on  \m  left.  The  escape  of  gaa  will  evidently  be  much  greater 
in  long-protracted  firing,  from  the  effecta  of  friction  both  upon 
the  bolt  and  the  barrel.  The  escape  of  gas  takes  place  chiefly 
from  the  left  side  of  the  breech ;  which  indicates  an  imperfec- 
tion in  the  contaet  between  the  chamber  and  the  barrel  on  that 
side,  arising  from  the  want  of  central  or  direct  support  for  the 
tube  which  carries  the  charge,  when  it  is  pressed  up  to  the  top 
of  the  chamber,  in  order  to  close  the  breech,  previously  to  the 
musket  being  fired.  This  defect  in  the  contact,  apparently  goes 
on  increasing  during  the  repetitions  of  the  firing.  It  is  possible 
that  the  evil  may  be  remedied  by  giving  to  the  lower  part  of 
the  barrel  the  form  of  a  hollow  frustum  of  a  cone,  and  to  the 
upper  part  of  the  tube  carrying  the  charge  of  a  corresponding 
form,  so  that,  in  closing  up  the  tube  to  the  barrel,  the  contact 
of  the  conical  surfaces  may  be  sufficiently  close  to  prevent  the 
escape  of  gas.  By  this  constniction,  even  in  the  event  of  these 
surfaces  being  in  part  worn  away  by  friction,  it  will  be  possible, 
by  pressing  the  tube  still  closer  to  the  barrel,  to  preserve  the 
accuracy  of  the  contact 

588.  The  advantage  of  placing  the  composition  above  the 
gunpowder  is  supposed  to  be,  that  it  secures  the  ignition  of 
the  whole  charge.  The  mode  of  producing  ignition  by  placing 
the  percussion-powder  in  the  body  of  the  cartridge  is,  however, 
very  objectionable.  If  the  cap  put  on  the  nipple  of  an  ordinary 
lock  should  fail,  another  may  be  instantly  put  on ;  if  ignition 
fail  to  be  produced  m  the  Prussian  cartridge,  it  must  be  with- 
drawn bodily,  and  it  becomes  useless  till  made  up  afresh. 

589.  It  is,  no  doubt,  in  some  respects,  an  important  advantage 
in  the  Prussian  rifles,  that  they  may  be  load«Kl  more  quickly 
than  the  ordinary  musket  or  rifie ;  but  here,  too,  we  agree  with 
M.  Fave  ('  Des  Nouvellea  Carabines,  etc.,'  p.  40),  that  rille  actions 
are  generally  decided,  not  by  mere  rapidity  of  fire,  but  by  each 
soldier  taking  time  to  use  his  arm  in  the  most  efficient  manner 
possible.  Although,  as  has  been  already  stated,  the  use  of  the 
rifle  was  suspended  in  the  French  armies  throughout  the  whole 
of  the  general  war  (1794-1815),  yet  tlie  French  infantry,  armed 
with  the  common  musket,  were  well  trained  to  act  en  tirailleur, 
and  showed  great  aptitude  for  that  kind  of  service,  in  whit^ 
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mere  militia  or  new-levied  troops,  in  many  circumstances,  render 
as  much  service  as  veteran  soldiers. 

590.  Public  attention  having  been  excited  by  M.  Fav^'s  in- 
teresting work,  *  Des  Nouvelles  Carabines,'  as  well  as  by  the 
efficient  use  made  of  the  carabine  h  tige  by  the  Chasseurs  d'Or- 
leans  in  Algiers,  and  by  the  adoption  of  its  rival,  the  needle- 
prime  musket,  by  the  Prussian  Government,  experiments  with 
muskets  of  the  latter  construction,  which  had  been  made  in 
England  from  foreign  patterns,  were,  in  1850,  carried  on  in  this 
country,  in  order  to  compare  them  with  the  British  regulation- 
musket  and  the  British  rifle  carrying  the  belted  ball.  It  was 
proposed  to  ascertain  the  relative  merits  of  those  arms,  and 
particularly  to  discover  whether  the  method  of  loading  at  the 
breech,  as  in  the  needle-prime  musket,  considered  under  all 
aspects,  could  be  adopted  with  advantage  in  the  British  service. 
The  results  of  these  experiments  showed  that  the  Prussian 
needle-prime  musket  was  by  far  the  quickest  in  loading  and 
firing.  The  English  regulation-musket  came  next,  Lancaster's 
pillar-breech  the  third,  and  the  English  regulation-rifle  the 
slowest;  that  the  hits,  in  60  rounds  fired  at  a  target  6  feet 
square  at  the  distance  of  150  yards,  were,  respectively,  in  the 
order  in  which  the  arms  have  been  already  named,  40,  29,  50, 
and  30;  and,  lastly,  that  the  average  percentage  of  hits  at 
difierent  ranges  up  to  600  yards,  were,  in  the  same  order,  33, 
25,  35,  and  37;  but,  for  the  reasons  already  stated,  muskets 
loaded  at  the  breech  were  condemned  as  arms  for  general  ser- 
vice in  the  field,  however  useful  they  might  be  in  the  hands  of  a 
few  expert  men  for  special  purposes. 

591.  Good  patterns  having  been  obtained  of  the  Delvigne 
carabine  a  tige,  the  French  and  the  Belgian  Mini6  rifles,  experi- 
ments were  made  at  Woolwich  in  1851  with  these  three  arms 
and  with  Lancaster's  pillar-breech  rifle,  in  order  to  test  their 
relative  merits  in  firing  at  a  target  6  feet  square,  at  400  yards' 
distance.  The  results  of  these  experiments  were  considered  to 
have  so  fully  established  the  peculiar  advantages  of  M.  Mini6'B 
method  of  quick  loading,  and  forcing  the  shot  into  the  rifled 
state,  that  the  manufacture  in  this  country  of  a'  large  supply  of 
what  has  been  called  the  regulation  Minie  musket  was  ordered. 
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The  form  of  its  projoctiln,  which  i 
in  fig.  86  anoexed. 


eimply  conoidal,  is  giYea 


592.  The  only  mode  iu  which  elongated  shot  can  be  employe* 
without  either  increasing  the  weight  of  the  ammunition  carried 
by  the  soldier  or  reducing  the  number  (GO)  of  rounds  in  Ida 
pouch,  is  to  diminish  the  calibre  of  the  fire-arm,  bo  that  the  elon- 
gated shot  may  not  be  heavier  than  the  regidation  bullet.  With 
a  view  to  effect  this  object  moat  conveniently,  the  late  Viscount 
Hardinge,  then  Master-General  of  the  Ordnance,  invited  some 
of  the  principal  gnn-makers  of  England  to  submit  pattern  mus- 
kets, in  the  hope  of  obtaining  a  lighter  and  more  efficient  arm 
with  a  smaller  bore.  The  following  makers  accordingly  pre- 
pared, and  sent  iu,  muskets  for  trial — Mr.  Purday,  Mr.  Westley 
Bichards,  Mr.  Lancaster,  Mr.  Wilkinson,  and  Mr.  Greener :  Mr. 
Lovell,  the  inspector  of  sniatl-arms,  alao  prepared  a  new  musket 
at  the  Government  manufactory. 

593.  The  projectiles  for  all  the  muskets  are  conoidal  or 
cybndro-conoidaL  Mr.  Wilkinson's  projectile  is  cast  solid,  and 
has  two  deep  grooves  round  the  lower  part.  It  is  intended  to 
be  used  without  paper  or  patch  of  any  kind,  the  two  groovea 
being  merely  filled  ivith  grease ;  and  the  method  of  loading  is 
the  same  as  that  which  is  now  in  use  wiUi  the  rifle  regiments  of 
the  service,  the  powder  being  made  up  in  a  small  cartridge  by 
itself,  and  put  into  the  barrel  before  taking  tlie  ball  out  of  the 
ball-pouch.  The  muzzle  of  the  barrel  has  been  countersunk,  so 
OS  to  receive  the  ball  before  it  is  rammed  down,  which  is  a  great 
eonvenience.  llie  grooves  are  of  a  spiral  form,  having  one 
turn  in  6  ft,  6  in.     Mr.  Purday 's  projectile  is  cylindro-conoidal. 
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witli  a  belt  round  the  lower  part :  one  of  the  two  kinds  of  pro- 
jectile has  the  simple  Miaid  cavity,  and  the  other  lias  a  cavity 
with  a  ping,  wliich  is  driven  into  the  cavity  by  the  force  of  the 
fired  powder.  The  grooves  have  the  character  of  the  increaaivg 
spiral ;  tliey  commence  with  one  turn  in  6  ft,  and  end  with  one 
turn  in  4  ft  9  in.  Mr.  Lovell's  heavy  shot  (No.  1)  made  excel- 
lent shooting  at  all  distances,  but  the  difficulty  of  loading,  and 
the  great  weight  of  the  shot,  render  it  unfit  for  troops  of  the 
line.  Even  with  a  strong  wooden  rammer  it  was  sometimes 
difficult  to  drive  the  shot  home.  The  lighter  shot  (No.  2)  made 
very  good  shooting  np  to  400  yards ;  but  sometimes,  after  firing 
a  dozen  shots,  it  became  uncertain,  and  the  difficulty  of  loading 
was  as  great  as  with  the  heavier  ball.  The  grooves  are  regular 
spirals,  with  one  turn  in  6  ft.  6  in.  The  grooves  of  the  Bruns- 
wick rifle  have  one  turn  in  2  ft.  6  in. 

Mr.  Lancaster,  who  invented  the  ordnance  with  an  elliptical 
bore,  spirally  formed,  as  described  in  Art.  197,  and  the  piUar- 
breech  rifle  (Art  582),  proposed  also  a  description  of  musket  hav- 
ing a  bore  of  a  similar  kind.  No  grooves  are  cut  in  the  interior 
surface  of  the  barrel ;  but,  in  a  transverse  section,  the  bore  has 
the  form  of  an  ellipse  of  small  excentricity,  being  freed*  at  the 
breech :  the  projectile  is  cylindro-conoidal,  with  a  circular  base, 
and,  when  heated  by  the  fired  gunpowder,  it  expands  so  far  as 
to  take  a  form  corresponding  to  the  elliptical  section  of  the 
bora  The  bore,  being  a  continuous  spiral,  fulfils  the  object  of 
grooves,  and  causes  the  shot,  in  passing  along  it,  to  acquire  a 
rotatory  motion  on  its  axis.  The  sj^iral  is  not  uniform  in  its 
whole  length,  but  has  what  is  called  by  the  Americans  a  gaining 
twisi  or  an  tn-creamng  spiral.  The  advantages  of  this  rifle  are 
supposed  to  be,— greater  accuracy  of  practice,  less  recoil  than 
other  muskets  have,  and  no  tendency  to  cause  the  rifie  to  turn 
over  sideways. 

*  To  be  freed  at  the  breecb  signifies  that  the  bore  is  made  larger  tbcK 
tban  iu  the  anterior  part  of  the  b&irel  i  the  term  is  also  used  to  ikoolc  an 
enlargement  of  the  grooves  at  the  same  place.  The  Americans  enlarge  in 
this  manner  the  whole  of  the  barrel  up  to  within  Ij  inch  of  the  muzzle; 
Eagliah  gunmakers  only  as  far  as  2  or  3  inches  from  the  breech.  l%e  object 
is  to  facilitate  the  operation  of  ramming  home.  Not  roiich  value  is  attached 
to  the  construction  in  this  country  :  it  may  be  advantageous  for  the  American 
rifles,  which  carry  smalter  shot  than  ours ;  and  the  like  may  be  said  of  the 
American  practice  of  increasing  the  twist  of  the  spiral  groove*  towards  the 
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In  December,  ISSS,  a  trial  was  made  at  Hythe  of  Mr.  Lai 
caster's  elliptically-bored  muskets  freed  at  the  breech,  in  ord< 
to  compare  their  shooting  with  that  of  a  rifle-musket  of  .51 
bore,  having  three  grooves  regularly  spiral  of  one  turn  : 
6  ft.  6  in.,  which  was  manufactured  at  Enfield  in  the  same  yea 
the  Beport  of  this  trial  was  in  feivour  of  the  Enfield  rifloy  La 
caster's  muskets  evincing  a  strong  tendency  to  «^njp,*  and  at  tl 
longer  ranges  this  defect  was  very  marked. 

594.  The  following  table,  kindly  communicated  by  Colon 
Hay,  on  the  subject  of  the  rifle-practice  at  Hythe,  shows  tl 


DlitaDoes. 


Yards. 
100 

200 

300 

400 


P«rcaBtlon  Musket,  1842. 

'    Number  of  Hits  in  thfl 

Hits. 

Bull's-Eye. 

Centre. 

Outer. 

Total. 

PcrOcnL 

7 

48 

94 

149 

74.5 

8 

20 

62 

85 

42.5 

4 

9 

17 

32 

16. 

2 

•  • 

7 

9 

4.5 

Dtetanoes. 


Yards. 
100 

200 

300 

400 


Minitf  Rifle  Musket,  1851. 


Number  of  HiU  in  the 


BuU's-Eye. 


10 
9 
6 
5 


Centre. 


68 
47 
32 

29 


Outer. 


Ill 

104 

72 

71 


Hits. 


Total. 


189 
160 
110 
105 


Percent 


94.5 
80. 
55. 
52. 


comparative  accuracy  of  shooting  at  different  distances,  with  tl 
common  percussion-musket  of  1842  and  the  rifle-musket 
1851 ;   the  former  carrying  a  spherical  bullet,  and  the  latt< 


•  The  cause  of  this  stripping  was  not  at  the  time  satisfactorily  account 
.for ;  the  defect,  however,  aj)pear8  to  have  been  quite  remedied  by  the  adopti< 
of  the  btillet  with  wooden  plug  recommended  by  Colonel  Hay,  and  now 
general  use  in  the  service.  There  is  little  doubt  therefore  that  the  strippii 
was  caused  by  the  Pritchett  bullet,  without  cup  or  plug  (with  which  the  trii 
were  made),  not  expanding  sufficiently,  on  the  explosion  of  the  powder,  so 
at  all  times  to  fill  the  grooves. 
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the  regulation  Mini6  shot  (a  cylindro-conoidal  projectile). 
Twenty  men  fired  ten  rounds  ^ch,  5  in  file-firing  and  5  in 
volley-firing,  against  a  target  6  feet  high  and  20  feet  broad, 
equal  to  a  front  of  11  file  of  infantry,  or  22  men. 

595.  In  1858  Mr.  Whitworth  of  Manchester  produced  a  musket 
having  a  hexagonal  bore  of  a  spiral  figure,  making  one  turn  in 
20  in.,  by  which  the  prcjectiles — either  of  hexagonal  or  cylindro- 
conoidal  form — ^in  passing  along  the  barrel  acquire  a  swift  and 
steady  rotation  on  their  axes.  This  species  of  rifle  has  been 
found  considerably  superior  in  accuracy  of  shooting  to  the  Enfield 
rifle,  which  has  been  adopted  by  the  Government 

In  order  to  test  the  relative  merits  of  these  two  kinds  of 
weapon,  a  series  of  trials  were  made  at  Hythe,  under  the  direc- 
tion of  Colonel  Hay,  the  able  Superintendent  of  the  School  of 
Musketry  at  that  place,  and  the  results  are  stated  in  the  fol- 
lowing table.  The  rifles  were  fired  from  rests,  and  ten  or 
twenty  rounds  were  fired  from  each  at  the  several  distances 
The  numbers  in  the  fourth  column  express,  in  feet  and  decimab 
the  means  of  the  distances  of  the  ten  or  twenty  points  of  impact 
on  the  target,  from  a  nearly  central  point  of  the  group  in  each 
trial. 

Table  showing  the  results  of  experiments  with  the  "  WhitwOTth"  and 

"  Epfield"  Rifles. 


IVsciiption  of  Rifle. 

Distance  in 
yards. 

Angle  of 
elevation. 

Mean  radial 
deviation. 

Bemarka. 

o    ' 

Feet 

Enfield      

500 

1  32 

2.24 

Whitworth        ..      .. 

•  • 

1  15 

.37 

Enfield      

800 

2  45 

4.20 

* 

Whitworth        ..     .. 

•  • 

2  22 

1.00 

Enfield      

1100 

4  12 

8.04 

Whitworth        ..      .. 

•  • 

3    8 

2.62 

Enfield      

1400 

•  • 

•  • 

(Shooting  80  wild,  no 
\    diagram  taken. 

Whitworth        ..      .. 

•  • 

5    0 

4.62 

Enfield       

1880 

•  • 

•  • 

Not  tried. 

Whitworth        ..      .. 

•  • 

6  40 

11.62 

596.  The  superiority  of  the  Whitworth  rifle  in  accuracy  of  fire 
is  hence  manifest ;  and  it  may  be  added  that,  from  its  form,  the 
bore  is  less  liable  to  be  worn  than  that  of  any  grooved  rifle. 
As  the  projectile  may  be  made  harder,  it  will^  consequently, 
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have  greater  penetratiug  jwwer ;  and,  iu  fact,  the  Whitworth 
projectile  went  through  35  balf-mch  planks  of  elm  wood,  and 
remained  in  a  bulk  of  aolid  oak  beyond,  while  the  Enfield  pro- 
jectile went  through  only  12  sueh  planks. 

597.  The  great  superiority  in  accuracy  of  shooting  of  the 
^\Tiitwortb,  in  comparison  with  the  Enfield  577-bore  rifl^  was 
attributable  in  a  great  measure  to  the  smallness  of  Mr.  Wliit- 
worth's  bore,  viz.  451,  the  weight  of  bullet  and  charge  of  powder 
used  being  the  same.  It  was  decided,  therefore,  to  manufacture 
rifles  on  the  Enfield  plan  of  rifling,  of  the  same  bore  as  Mr. 
Whitworth's.  Although  the  accuracy  of  shooting  of  these  rifles 
(described  as  the  "  En^eld  small  bore,"  in  which  the  exact 
degree  of  spiral  used  by  llr.  Wliitworth,  viz.,  one  turn  in  20 
inches,  was  adopted)  was  much  greater  than  that  of  the  Enfield 
577  bore,  it  was  found  at  a  trial  which  took  place  at  the  School 
of  Musketry  at  Hythe,  at  which  several  of  these  small-bore 
Euflelds  were  produced  by  the  Government  contractor  of  the 
Birmingham  gun-trade,  that  Mr,  A\Tiitworth's  rifle  fully  main- 
tained its  superiority  iu  accuracy.  In  this  trial  Mr.  Whitworth 
fired  only  the  cylindro-conoidal  leaden  bullet  without  alloy,  an 
objcctiou  having  been  made  by  Mr.  Goodman,  who  represented 
the  Birmingham  gun-trade,  to  the  hardened  hexagonal  bullet 
being  used. 

598.  Till  within  the  last  twenty  years,  no  i^7a  was  considered 
necessary  for  a  common  musket — the  stud  at  the  muzzle  being 
sufficient  for  the  purpose  of  taking  aim.  When  percnssion-arms 
were  first  introduced,  a  fixed  block-sight  for  120  yards  was 
adopted ;  and  when  the  Eifle  Brigade  was  supplied  with  two- 
grooved  rifles,  a  block-sight  for  200  yards  and  a  leaf  for  300 
yards  were  afGxed  to  the  firearm.  At  present  every  rifled 
musket  is  furnished  with  a  complicated  and  delicate  sight. 

599.  In  a  letter  lately  received  from  the  East  it  ia  stated  that 
the  rifles  used  by  the  Russians  at  the  battle  of  the  Alma  were 
of  good  construction :  they  are  said  to  have  been  formed  with 
two  grooves,  and  to  have  carried  solid  conoidal  shot,  each  weigh- 
ing 767  grains,  equivalent  in  'weight  to  a  spherical  bullet  of  9 
to  thfl  pound,  consequently  much  heavier  than  the  English  regu- 
lation Jlinie  shot.  They  are  flat  at  the  base,  and  have  projec- 
tions at  the  aides  corresponding  with  the  grooves  of  the  mn^e|. 
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The  great  weight  of  these  projectilca  is  very  objectionable ;  the 
soldiers  who  carried  them  must  hare  been  very  much  distressed 
by  the  loads  in  their  pouches,  or  these  must  have  contained  a 
smaller  number  of  shot  than  are  eiirried'by  English  or  French 
soldiers. 

The  Knssian  missile  is  more  pointed  than  the  English  Miuie 
shot,  and,  no  part  being  cylindrical,  it  must  bo  liable  to  irre- 
gular movements  in  the  barrel,  and,  consequently,  to  imsteadi- 
ness  in  its  ^ght.  It  has  the  designation  of  a  Miuie  shot,  a 
term  now  generally  but  improperly  applied  to  all  elongated  shot 
for  muaketry,  since  they  differ  from  one  another  both  in  form 
and  weight, 

600.  The  rifle  need  in  the  French  service  up  to  the  com- 
mencement of  the  late  Italian  war  consisted  only  of  the  carabine 
k  tige,  and  these  only  to  special  corps  of  riflemen.  However 
eminent  the  authority  of  Colonel  Minio  on  the  subject  of  rifles, 
his  method  of  rifling  was  never  introduced  into  the  French  ser- 
vice. Throughout  the  Crimean  war  the  French  infantry  of  the 
line  were  armed  with  the  smooth-bored  regulation  musket. 
Some  time  previous  to  the  Itah'an  campaign  the  whole  of  the 
French  infantry  had  their  old  muskets  rifled,  and  conical  shot 
introduced — the  rifling  principle  being  a  triangiilar  hollow  cut 
in  the  bottom  of  the  shot,  without  any  cup,  as  in  the  Minie 
system.  The  efficient  range  did  not  exceed  600  yards,  and  waa 
very  inaccurate  beyond  400  yards.  This  imperfect  measure,  as 
admitted  by  the  French  authorities,  hardly  kept  pace  with  the 
general  improvement  in  small-arms,  but  they  were  restricted  by 
considerations  of  economy,  which  did  not  admit  of  any  general 
alteration  of  the  muskets  in  store.  Thus  all  the  French  infantry 
during  the  late  campaign  used  these  defective  rifled  muskets, 
with  the  exception  of  the  chasseurs,  who  retained  the  carabine 
h  tige,  tlie  range  of  which  was  far  superior  to  the  ordinary 
musket  rifled  aa  explained.  Tlie  tige  will  how'ever  be  done 
away  with  as  soon  as  possible,  and  an  elongated  shot  similar  to 
that  in  general  use  adopted,  and  consequently  much  heavier 
than  the  spherical  bullet  of  tho  carabine  k  tige ;  and  with  an 
increased  charge  of  powder  it  will  produce  a  more  extensive 
range. 

Appendix. 
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(A.) 

Copy  of  the  Prospectus  compiled  by  Sir  S.  J.  Pechell  from  the 
*  Naval  Chinnery '  for  the  JEstabliahment  on  Board  the 
"  ExceUenty^  as  stated  in  his  Letters  to  the  AvthxiTy  NotCy 
pp.  8,  9,  Part  /.,  arid  in  the  Text,  p.  10. 

Their  Lordships  having  had  under  their  consideration  the  pro- 
priety  and  expediency  of  establishing  a  permanent  corps  of  seamen 
to  act  as  Captains  of  Guns,  as  well  as  a  depdt  for  the  instmction 
of  the  officers  and  seamen  of  His  Majesty's  Navy  in  the  theory  and 
practice  of  Naval  Gunnery,  at  which  a  uniform  system  shall  be 
observed  and  communicated  throughout  ihe  Navy,  have  directed, 
with  a  view  to  the  formation  of  such  Establishment,  that  a  pro- 
portion of  intelligent,  young,  and  active  seamen  shall  be  engaged 
for  five  or  seven  years,  renewable  at  their  expiration,  with  an 
increase  of  pay  attached  to  each  consecutive  re-engagement,  from 
which  ihQ  important  situation  of  Master  Gunners,  Gimners'  Mates, 
and  Yeomen  of  the  Powder-room  shall  hereafter  be  selected,  to 
instruct  the  officers  and  seamen  on  board  such  ships  as  they  may- 
be appointed  to,  in  the  various  duties  at  the  guns,  in  consideration 
of  which  they  will  be  allowed  2s.  per  month,  in  addition  to  any- 
other  rating  they  may  be  deemed  qualified  to  fill,  and  will  be 
advanced  according  to  merit  and  the  degree  of  attention  paid  to 
their  duty,  which,  if  zealously  performed,  will  entitle  them  to  aspire 
to  the  importajit  situations  before  mentioned,  as  well  as  that  of 
Boatswain. 

Their  Lordships  have  therefore  directed  the  *'  Excellent,"  with 
her  present  fittings  (already  placed  in  a  situation  where  practice 
may  be  carried  on  with  shot  without  risk  of  injury  to  any  indi- 
viduals), to  be  established  as  a  sixth-rate,  with  a  complement  of 

200  men,  and  appointed   Captain to  the   command  of 

her. 
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The  following  instructions  are  sent  for  your  guidance  and  that  of 
Captain in  the  execution  of  these  duties : — 

CompleTnent. 

Captain 

Lieutenants 

Surgeon        

Purser 

Assistant-Surgeon 

Midshipman 15 

Clerk 

Warrant-oflScers 

Ship's  cook 

Cook's  mate         

Carpenter's  crew 

Armourer      

Purser's  steward 

Sick-boy        


Captain's  servants       2 

Gun-room  ditto 2 

Midshipmen's  berth 2 

Warrant  oflScer's  ditto        

Purser's  steward 

Marines         34' 

Seamen-gunners         116 

190 


Boys  of  Second 

ClAflS. 

1 
4 
1 
3 
1 


10 


*  Indading  1  officer  of 
Marine  Artillery,  3  non- 
oommisaioned  (^Scera,  and 
.  a  prlTfttes. 


As  in  the  establishment  of  the  officers  and  crew  of  the  "  Ex- 
cellent," a  Lieutenant,  three  non-commissioned  officers,  and  two 
privates  of  the  Marine  Artillery  are  included  in  her  complement 
of  Marines,  it  is  intended  that  the  theoretical  instruction  required 
for  the  officers  and  seamen-gunners  should  be  furnished  by  them, 
and  you  will  take  care  that  every  facility  and  assistance  be  given 
then  to  insure  the  performance  of  this  duty,  the  most  material 
points  of  which  are  the  names  of  the  different  parts  of  a  gun  and 
carriage,  the  dispart  in  terms  of  lineal  magnitude  and  in  degrees, 
how  taken,  what  constitutes  point  blank  and  what  line  of  metal 
range,  windage,  the  errors  and  loss  of  force  attending  it,  the  im- 
portance of  preserving  shot  from  rust,  the  theory  of  the  most 
material  effects  of  different  charges  of  powder  appHed  to  practice, 
with  a  single  shot,  also  with  a  plurality  of  balls,  showing  how  these 
affect  accuracy,  penetration,  and  splinters ;  to  qualify  them  to 
judge  of  the  condition  of  gunpowder  by  inspection;  to  ascertain 
its  quality  by  the  ordinary  tests  and  trials,  as  well  as  by  actual 
proof,  these  being  very  indispensable  qualifications;  to  instruct 
them  also  in  the  laboratory  works  required  for     ^  ,  ^    ^         ^  ^ 

-  ,  1,.  i«^  Laboratory  works  be- 

the  naval  service,^  such  as  making  rockets  for  ing  dangerous,  ought  to  be 

1        j>n  •  J I-  •     •  xi-  J    taught  on  shore. 

Signals,   filling  tubes,   new  pruning  them  and 

filling  cartridges,  precautions  in  airing  and  drying  powder,  care 
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and  inspection  of  locks,  choice  of  flints,  corroct  mode  of  'fitting 
them,  &c.  &c. 

Yon  are  to  understand  that  it  is  the  intention  of  their  Lordships 
that  the  Gunners  from  Hia  Majesty's  ships  in  ordinary,  and  also 
from  the  ships  in  commission  when  they  can  be  epared,  should 
assemble  on  board  the  "  Escellent,"  in  divisions  of  such  numbers 
Bfl  the  Commander  may  deem  convenient,  to  carry  on  (aasiated 
by  the  Marine  Artillery  already  embarked  in  her)  the  fullest  es- 
perimeuts  aa  to  the  power  and  ranges  of  the  varioas  natures  of 
sea-ordnonue  from  point  blank  to  the  highest  elevation  the  ports  of 
the  "  Excellent "  will  admit  of  (or  as  may  be  safely  tried  withont 
danger  of  the  shot  reaching  the  shore  beyond  the  mud-bants),  also 
the  ranges  at  similar  elevations  with  different  reduced  charges  of 
,  powder,  likewise   the  difference  in  the   ranges 

u  oughi  lo  be  qstd  tor  when  two  shots  are  introduced  instead  of  one,"^ 
M  e  J  Id  B  M  .  ^^^  j^  such  cases  to  observe  and  note  down  the 

apparent  divergence  of  both  shots  iirom  the  direct  line.  Also,  if  it 
can  be  tried  with  safety,  the  range  and  force  of  grape  and  canister  , 
shot;  and,  in  short,  every  esperiment  of  such  description  which 
will  tend  to  give  the  gunners  and  others  who  may  attend  snch 
practice  the  most  perfect  knowledge  of  the  esact  powers  of  each 
nature  of  gun  in  every  manner  in  which  it  can  be  tried. 

To  facilitate  these  eiporimeuts  their  Lordships  consider  that 
Beacons  may  be  filed  in  the  mud  at  different  measured  distances 
from  the  ship,  say  at  every  hundred  or  every  two  hundred  yards, 
or  at  such  other  distances  as  may  be  found  most  convenient. 

At  the  same  time  that  the  above-mentioned  experiments  are  going 
forwaiil  it  will  be  the  duty  of  the  Captain  and  of  the  Lieutananta 
to  assist  him,  to  endeavour  to  ascertain  the  comparative  value  of 
the  several  descriptions  of  sights  for  cannon  which  have  be«ii 
submitted  by  various  individuals,  some  of  every  kind  of  which 
the  Board  of  Ordnance  has  been  desired  to  cause  to  be  put  on  board 
the  "Excellent." 

It  is  also  their  Lordships'  intention  that  the  efficiency  of  the 
improved  tube-boxes,  powder-flasks,  and  all  other  implements  of 
every  description  connected  with  sea-gunnery  practice,  ehonld  b» 
proved,  as   far  as  may  be  done,  on  board  the  "  Excellent,"  and 

Captain is  to  consider  it  an  important  part  of  his  duty 

to  report  impartially  his  opinion  on  all  the  implements  in  qnestion,. 
and  to  submit  for  their  Lordships'  consideration  any  alteration  of 
any  of  them  deemed  likely  to  prove  advantageous  by  himself  or 
any  of  the  officers  assisting  him  in  conducting  the  duties  heroly 
ordered. 

The  Captain  is  also  to  make  known  to  their  Lordships  any 
improvements  be  may  have  been  informed  of,  either  in  guns  them- 
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EelvGB,  or  in  the  mode  of  mounting,  or  fitting,  or  fighting  them,  or 
of  the  implements  for  serving  them  which  may 
not  have  been  fumiBhed  by  the  Ordnajioe  Depart-  inveniioM  Mght"^  b* 
ment  to  the  "  Excellent,"  in  order  that  they  may  ^^|™*"^  m  iho  Ad-  . 
oauee  them  to  be  also  supplied  for  trial  and  report.' 

Another  material  branch  of  the  duty  of  Captain will 

be  to  perfect  the  gunners  and  all  others  who  may  attend  on  board 
the  "Escellent"  for  that  purpose,  in  the  established  exercise  or 
service  of  the  guns,  to  the  end  that  each  of  them  may  fully  under- 
stand and  be  able  to  explain  the  object  of  e'very  movement  ordered ; 
that  they  likewise  understand  perfectly  the  principle  of  the  sightfl, 
moveable  targets,  and  everything  used  in  gun  practice,  cither  for 
exercise  or  real  service. 

All  these  points,  after  being  fully  considered  and  tried  in  the 
various  exercises  and  practice  to  be  daily  car-  .  ^  1 1«  m  i-  fc«  i 
ried  forward,  are  to  be  fully  reported  upon  to  ™  buiiri  oi  *it  expwt- 
their  Lordships,  in  order  that  they  may  give  iiig  om«i  out  t^  ibif  lo 
directions  for  the  general  adoption  of  that  S^SI^'[rgi»>er™bl^i«pi 
system  which  shall  be  found  aod  admitted,  ^1,3^ '""^j!?  "''^  ™ 
upon  full  and  fair  trial,  to  answer  best  in  i°B »  midimi  ibt  of  uie 
practice.'  "^ """ 

It  is  further  to  be  understood  that  any  ships  in  commission,  the 
Captaiua  of  which  are  desirous  of  sending  any  portion  of  their 
officers,  captains  of  guns,  or  others  of  their  crews,  to  attend  the 
practice  or  exercise  on  board  the  "  Excellent,"  to  gain  instruction 
on  any  of  the  points  detailed,  are  to  be  at  liberty  to  do  so,  and  it 

is  to  be  an  essential  part  of  the  duty  of  Captain and 

the  Lieutenants  to  give  every  usefiil  information  to  persons  so  sent 
for  instruction,  and  to  advance  them  on  the  points  most  useful  for 
them  to  understand,  to  such  extent  as  the  short  time  they  can 
probably  be  spared  will  admit. 

Their  Lordships  have  requested  the  Board  of.  Ordnance  to  give 
instructions  to  their  officers  to  render  every  assistance  in  forward- 
ing the  objects  of  these  instructions,  and  to  supply  such  quantities 
of  ammunition  or  other  articles  as  may  &om  time  to  time  be  re- 
quired by  Captain and  approved  by  you  for  the  purposes 

above  detailed. 

Captain is  to  be  assisted  in  conducting  these  duties  by 

the  officer  of  Marine  Artillery  to  the  utmost  of  his  abilities,  and 
the  latter  officer  is  to  be  directed  to  obey  whatever  directions  he 

may  receive  from  Captain or  the  Lieutenants  for  the 

objects  stated  whilst  on  this  service. 

Their  Lordships  desire  that  you  send  a  copy  of  this  letter  to 

Captain ,  that  he  may  be  fully  apprised  of  the  duties  he 

is  to  execute,  directing  him  to  govern  himself  and  those  placed 
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under  liim  accordingly.  And  you  are  also  to  give  such  fdrt 
directions  and  assistance  ««  you  may  deem  necessary  or  advisa 
for  the  more  perfect  accomplishment  of  the  objects  explained ;  ] 

you  are  to  cause  Captain to  make  a  weekly  return  to  ; 

,  ^     ^        .       ,.„    of  each  day's  transactions  and  practice,  not 

f  Certificates  of  quallfl-  ijj  -    j.-  j*  Aj 

cation,  foanded  upon  the  the  number  and  descriptions  of  persons  attend 
sh^d  be  given  to  each  on  board  cach  day ;  to  which  also  is  to  be  added  i 
SSit  li^d^'^rX^cy^in  remarks  the  Captain  may  deem  it  right  to  o 
corapiettng  his   inatruc-  relative  to  the  occurrences  or  details ;  and  tl 

tion;   and  copies  of   the  ' 

same  transmitted  to  the  weekly  rotums  are  to  be  regularly  transmii 
"*  ™  by  you  to  me  for  their  Lordships'  information 
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XII. — Penetrations  of  Shot  and  Shell  with  Direct  FntiNa. 


Those  at  1200  yards  show  the  average  penetrations,  ii\  good  oak,  obtained 
during  the  Experimental  Firing  against  the  "  York'*  (old  74),  in  1853. 

Those  at  2^00  yards  have  been  carefully  calculated  from  the  above  and  a 
few  otiier  penetrations,  obtained  at  larger  and  shorter  distances,  and  in  the 
absence  of  any  practice  at  this  distance,  they  may  be  considered  as  a  very 
good  approximation. 


Prqlcctile. 

CSiarge. 

1200  yards. 

2600  yards. 

68-ponnder    ..  shot 

lbs. 
16 

Inches. 
45 

Inches. 
20 

32-pounder    . .     , , 

10 

80 

12 

10-inch  ..      ..  shell 

12 

85 

17 

8-inch  ..             ,, 

16      • 

•  • 

15 

8-inch  ..             ,, 

10 

30 

13 

8-inch  ..      ..     ,, 

5 

20 

•  • 

6-inch  ..             ,, 

10 

•  • 

10 

6-inch  ..      ..     ,, 

8 

25 

8 

6-inch  . .      . .     , , 

6 

20 

•  • 

XIII. — The  following  penetrations,  in  a  mass  of  seasoned  White  Oak,  are 
extracted  from  Capt.  Dahlgren*s  (U.S.N.)  work  on  Shells  and  Shell-guns  :— - 


1 

Gan. 

Prqjectile. 

Charge. 

Initial 
Velocity. 

SOOyanls. 

1000  yds. 

1600  yds. 

2000  yds. 

64*pr 

shot 

lbs. 
16 

Feet. 
1620 

Inches. 
49.9 

Inches. 
37.3 

Inches. 
27.9 

Inches. 
20.8 

32-pr.  (long)  .. 

9  9 

9 

1700 

38.7 

26.5 

18.2 

12.5 

, ,     42  cwt. 

t  9 

6 

1450 

82.0 

22.0 

15.0 

10.3 

> ♦     32     , , 

f  9 

4* 

1250 

26.4 

18.5 

12.7 

8.8 

10-inch,  86  cwt 

shell 

10 

1160 

32.1 

24.2 

18.2 

13.7 

8-mch,  63    ,, 

9  9 

9 

1500 

33.2 

23.0 

15.9 

11.0 

8-inch,  55    , , 

9  9 

7 

1350 

29.2 

20.2 

14.0 

9.7 

2  Q 
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XIX. — ANaiiES  subtended  by  the  Mainmasts  of  French  Ships  of  War,  In 
tween  the  Water  Line  and  the  Truck,  with  the  oorresponding  Distances. 

The  observer  is  supposed  to  be  20  feet  aboTe  tiie  leyel  of  the  water. 


YardA. 

Llne^f-Battle  Shiiw. 

Frlgatea. 

ConretteB. 

BrigB. 

ISOQuns. 

90G1U18. 

82  0iina. 

•OOons. 

44  Guns. 

24  6nnB. 

ISOniM. 

Track  to 

the  Water 

Line, 

220  ft. 

Trade  to 

the  Water 

Line, 

202  ft. 

Track  to 

the  Water 

Line, 

192  ft. 

Track  to 

theWatar 

Line. 

188  ft 

Track  to 
the  Water 

T.1ne. 

168  ft 

Trackto 

the  Water 

Line, 

120  ft. 

Tracicto 
tha  Water 

Line. 

112  ft. 

0      ' 

o     ' 

O     • 

0     • 

O     » 

0     ' 

O      ' 

200 

20  20 

18  47 

17  54 

17  33 

15  46 

11  22 

10  37 

200 

300 

13  48 

12  42 

12    6 

11  51 

10  37 

7  37 

7    7 

300 

•400 

10  25 

9  35 

9    7 

8  55 

7  59 

5  43 

5  20 

400 

500 

8  21 

7  41 

7  18 

7    9 

6  24 

4  34 

4  16 

500 

600 

6  59 

6  25 

6    6 

5  58 

5  20 

3  49 

3  34 

600 

700 

5  59 

5  30 

5  14 

5    7 

4  35 

3  16 

3    3 

700 

800 

5  14 

4  49 

4  35 

4  29 

4    0 

2  52 

2  40 

800 

900 

4  40 

4  17 

4    4 

3  59 

3  34 

2  33 

2  22 

900 

1000 

4  10 

3  51 

3  40 

3  35 

3  12 

2  17 

2    8 

1000 

1100 

3  49 

3  30 

3  20 

3  16 

2  55 

2    5 

1  57 

1100 

1200 

3  30 

3  13 

8    3 

2  59 

2  40 

1  54 

1  47 

1200 

1300 

3  14 

2  58 

2  49 

2  46 

2  28 

1  46 

1  39 

1300 

1400 

3    0 

2  45 

2  37 

2  34 

2  17 

1  38 

1  31 

1400 

1500 

2  48 

2  34 

2  26 

2  23 

2    8 

1  32 

1  25 

1500 

1600 

2  37 

2  24 

2  17 

2  14 

2    0 

1  26 

1  20 

1600 

1700 

2  28 

2  16 

2    9 

2    7. 

1  53 

1  21 

1  15 

1700 

1800 

2  20 

2    8 

2    2 

2    0 

1  47. 

1  16 

1  11 

1800 

1900 

2  13 

2    2 

1  56 

1  53 

1  41 

1  12 

1    7 

1900 

2000 

2    6 

1  56 

1  50 

1  48 

1  36 

1    9 

1    4  . 

2000 

2200 

1  55 

1  45 

1  40 

1  38 

1  27 

1    2 

0  58 

2200 

2400 

1  45 

1  36 

1  31 

•l  30 

1  20 

0  57 

0  53 

2400 

2600 

1  37 

1  29 

1  24 

1  23 

1  14 

0  53 

0  49 

2600 

2800 

1  30 

1  23 

1  19 

1  17 

1     9 

0  49 

0  46 

2800 

3000 

1  24 

1  17 

1*13 

1  12 

1     4 

0  46 

0  43 

3000 

3200 

1  19 

1  12 

1    8 

1    7 

1     0 

0  43 

0  40 

3200 

3400 

1  14 

1     8 

1    5 

1    3 

0  57 

0  40 

0  38 

3400 

3600 

1  10 

1    4 

1     1 

1    0 

0  53 

0  38 

0  35 

3600 

3800 

1     6 

1     1 

0  58 

0  57 

0  51 

0  36 

0  34 

3800 

4000 

1    3 

0  58 

0  55 

0  54 

0  48 

0  34 

0  32 

4000 

App.  B.         angles  subtended  by  FRENCH  MASTS. 
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XX. — Angles  subtended  by  the  Mainmasts  of  French  Ships  of  War,  between 
the  Water  Line  and  the  Topmast  Crosstrees,  with  the  corresponding 
Distances. 

The  observer  is  supposed  to  be  20  feet  above  the  level  of  the  water. 


Yards. 

Line-of-Battle  Ships. 

Frigates. 

Corvettes. 

Brigs. 

Yards. 

120Gmi8. 

90  Guns. 

82Gnn8. 

60  Guns. 

44  Guns. 

24  Gnns. 

18  Guns. 

Topmast 

Crosstrees 

to  the 

Water 

Line, 

158  ft 

Topmast 

Crosstrees 

to  the 

Water 

Line, 

151  ft. 

Topmast 

Crosstrees 

to  the 

Water 

Line, 

138  ft. 

Topmast 

Crosstrees 

to  the 

Water 

IJne, 

139  fl. 

Topmast 

Crosstrees 

to  the 

Water 

Line, 

121ft. 

Topmast 

Crosstrees 

to  the 

Water 

Line, 

85  ft 

Topmast 

Crosstrees 

to  the 

Water 

Line, 

77  ft 

0     ' 

O     ' 

O     ' 

O      f 

O      ' 

0     ' 

0      » 

200 

14  52 

14  13 

13    2 

13    7 

11  28 

8    5 

7  20 

200 

300 

9  59 

9  33 

8  45 

8  48 

7  41 

5  24 

4  54 

300 

400 

7  31 

7  11 

6  34 

6  37 

5  46 

4    3 

3  40 

400 

500 

6    1 

5  45 

5  1^ 

5  18 

4  37 

3  14 

2  56 

500 

600 

5     1 

4  48 

4  2^ 

4  25 

3  51 

2  42 

2  27 

600 

700 

4  18 

4    7 

3  46 

3  47 

3  18 

2  19 

2    6 

700 

800 

3  46 

3  36 

3  18 

3  19 

2  53 

2    2 

1  50 

800 

900 

3  21 

3  12 

2  56 

2  57 

2  34 

1  48 

1  38 

900 

1000 

3    1 

2  53 

2  38 

2  39 

2  19 

1  37 

1  28   « 

.1000 

1100 

2  45 

2  37 

2  24 

2  25 

2    6 

1  29 

1  20 

1100 

1200 

2  31 

2  24 

2  12 

2  13 

1  55 

1  21 

1  13 

1200 

1300 

2  19 

2  13 

2    2 

2    2 

1  47 

1  15 

*  1     8 

J300 

1400 

2    9 

2    3 

1  53 

1  54 

1  39 

1    9 

1     3 

1400 

1500 

2    0 

1  55 

1  45 

1  46 

1  32 

1    5 

0  59 

1500 

1600 

1  53 

1  48 

1  39 

1  39 

1  26 

1     1 

0  55 

1600 

1700 

1  46 

1  42 

1  33 

1  34 

1  21 

0  57 

0  52 

1700 

1800 

1  40 

1  36 

1  28 

1  28 

1  17 

0  54 

0  49 

1800 

1900 

1  35 

1  31 

1  23 

1  24 

1  13 

0  51 

0  46 

1900 

2000 

1  30 

1  26 

1  19 

1  20 

1     9 

0  49 

0  44 

2000 

2200 

1  22 

1  19 

1  12 

1  12 

1     3 

0  44 

0'40 

2200 

2400 

1  15 

1  12 

1     6 

1     6 

0  58 

0  40 

0  37 

2400 

2600 

1    9 

1     6 

1     1 

1     1 

0  53» 

0  37 

0  34 

2G00 

2800 

1    5 

1    2 

0  56 

0  57 

0  50 

0  35 

0  31 

2800 

3000 

1    0 

0  57 

0  52 

0  53 

0  46 

0  32 

0  29 

3000 

3200 

0  56 

0  54 

0  49 

0  49 

0  43 

0  30 

0  27 

3200 

3400 

0  53 

0  51 

0  46 

0  47 

0  40 

0  29 

0  26 

3400 

3600 

0  50 

0  48 

0  44 

0  44 

0  38 

0  27 

0  24 

3GO0 

'3800 ' 

0  47 

0  45 

0  41 

0  42 

0  36 

0  25 

0  23 

3800 

4000 

0  45 

0  43 

0  39 

0  40 

0  35 

0  24 

0  22 

4000 

i\- 


NAVAL  GUNSKBT. 


j 

II 


Jl 

la 


l=i-5-l-l-5-l-i"Sa5-i-s-S-l-=- 


iMiliiiliiiiiiiiiliiilililif  liii 


I 


i;i:s.:i:i:i:i:i:|;l:4:l:l:|:t:  f  |:! 

_e  -3  -a  -B  -s  -5  -B  'B  -a  -B  -B  -B  -5  -J-e  ■     SB  -i 


SSSiillllSSIISi 


«  5 

i  = 


App.  B. 


TANGENT  PRACTICE. 


601 


I 
I 

& 

o 

i 

e 
s  ^x 

a  => 


Si 

1| 

II 

£    - 

is 


t 


o3 
tc-3 


O  2 


00 

a 

8 

I 

e 

§ 


eS 


3 


9 

3 


o 


o 
* 

9 


lill 


X 


J.::  If  ja  o. tr 


III 


o  «>  ^ 

>  >  o 

III 

o;  o  g 
OOH 


«  s  »- 

is  a'd  S^  3  ,-.    ■ 


S  S  60 

O.S  a 

£4)   W 
•«2 


I 

4> 

3 


I 


5 

I 

60 


•a 

•a 

o 

I 

4) 


11^' I 

mil 


6a3 

o  g  a>  e 


41 


•il 
=  i 


«M         O 


?1 


I 

o 


||§I||1?S§S 


0.38 
-    -  S  '^ 

S        »-  "  « 
J,        CI.S** 

V  s  «  s  ^  • 

t:^  0;  •^  «  S 


iM  :3  ^  ^ 

s-s^s  a 

x.v'O  a> a 

Ik  ^! 


5  «^ 


« 


, -^  «  *«.  55  00  «      o  t«  «e  10 
£*  rH  i-i  M  n  10  oQ      i-i  CO  te  » 


1 


1 


k  a 


I 


:.:s-i 


I  »  D       • 


2 


!-i5l3 


:£ 


O   « 


^lllg 


•^tS  Ji^ 


e    ^ 


5:S2 


ii 


•o  o  0:2-^  *•"  otf  ci5    a 


OAOoo     CO  o  o  o  e 
A  «o -v  m  e^      e9ee»-ao 

riC^tO-^       <0  0>  04  10  a» 


^ 


c  ~  *  *j  ^ 


CO  10  o 


eo  00  e 


0>  lA 


^  c»      w      <«      <o  «  M  «o  ^ 

—  ^  « 


I 


S  ^  19  S  *0  A        O  OC  93  lO     £ 

53  «  rt  £2  o  •-      e  *>  M3  CM     • 


e  o  00 


S2§    §S_  .. 

io<o*»      oo  o>  ^  c«  eo    ^       CO  ■« 

i>4  iH  ^       g 


S  &  *:      "S      9      '^  •  «o  00  o 

5?  W  •*        to        «0        OD  A  ^ -•  e« 
«0        «        *-        00  0»  rl  e««o 


s 


^  000000  0000 
^  94  ko  t- o  o  e  0000 
0  ooorH^rH      e«e4Mco 


00000     00000    s 

H 

lA  o  •N  ei  o      00000 
•-^eo'«M»  W'^      «'^ 

0000^      —  f^  M  e<«  M 


000 


i-^M  CO 

000 


o      o     00000 

O       ^       p4  ^MMCO 


602 


NAVAL  GUNNERY. 


App. 


XXin. — ^Helative  Strength  of  the  English,  French,  and  Bussian  Navies. 

English  Navy. 


Class  of  Ship. 


Liners       

Frigates 

Block  Ships      

Iron-cased  Ships 

Corvettes 

Sloops 

Small  Vessels 

Gun  Vessels  and  Gun  Boats 

Floating  Batteries   . . 

Transports 

Mortar  Vessels 

Total     ..     .. 


Afloat 


48 

34 

9 

•  • 

16 

80 

27 

171 

8 
15 

4 


412 


Steam. 


Balldingor 
CoDverting. 


12 
16 


21 


73 


TotaL 


60 
50 

9 

4 

21 

95 

27 

192 

8 
15 

4 


485 


SaUing. 


16 
13 


32 


Total  of 

Steam  and 

Sailing. 


76 
63 

9 

4 

24 

95 

27 

192 

8 
15 

4 
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French  Navy. 


aassofShlp. 


Liners       

Frigates 

Iron-cased  Ships 

Corvettes 

Avisos,  &c 

Gun  Boats        

Floating  Batteries  . . 
Transports        

Total     ..      .. 


Afloat. 


247 


Steam. 


Building. 


33 

4 

34 

13 

2 

3 

17 

2 

86 

3 

39 

29 

5 

4 

31 

• 

58 


Total. 


37 
47 

5 
19 
89 
68 

9 
31 


305 


Sailing. 


Afloat. 


9 
28 

•  • 

13 
46 


96 


Total  of 

Steam  and 

Sailing. 


46 
75 

5 

32 

135 

68 

9 
31 


401 


Russian  Navy. 


Class  of  Ship. 


Liners       

Frigates 

Corvettes 

Small  Vessels 

Gun  Boats        

Transports        

Total     ..      .. 


Afloat. 


13 
18 
11 
30 
112 
8 


192 


Steam. 


BuHding. 


9 

3 

11 

•  m 

25 


48 


TotaL 


22 
21 
22 
30 
137 
8 


240 


Sailing. 


Afloat. 


16 


16 


Tot*lof 

Steam  and 

Sailing. 


38 
21 
22 
30 
137 
8 


256 
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Table  XXIV. — condtided. 


• 

Land  Service. — Iron  Ordnance. 

Nature. 

Weight. 

Length. 

Diameter 

of 

Bore. 

Windage. 

Service 
Charge. 

Cwt. 

Ft.   in. 

Inches. 

Inches. 

lbs.   oz. 

/56-pr.   . 

98 

11     0 

7.65 

.175 

16    0 

8-m. 

65 
50 

9     0 
6    8^ 

}  8.05 

.125 

/lO    0 
\  8    0 

32-pr. 

56 
32 

9    6 
6    6 

6.41 
6.3 

.233 
.122 

10    0 
5    0 

Bored  up  from 
24-pr.  of33cwt. 

OlITIH       i. 

24-pr. 

50  or 

48 

9    6 
9    0 

}  5.823 

.211 

8    0 

, 

20 

6    0 

5.75 

.138 

2    8 

Bored  up  from 
l2-pr.  of  21  cwt. 

18-pr.    1 

42 

9    0 

5.292 

.193 

6    0 

20^ 

6    0 

5.17 

.071 

3    0 

Ditto      ditto. 

12.pr.    { 

34 
21 

9    0 
6    0 

"4.623 
4.623 

\-^ 

/  4    0 
13    0 

9-pr.   . 

17 

5    6 

4.2 

.1 

3    0 

\  6-pr.  . 

17 

6    0 

3.668 

.1 

2    0 

=^:^*^  "^  '■ 

41 

5    0 

10.0 

.16 

7    0 

21 

4    0 

8.0 

.14 

4    0 

zers.        ci  :„ 

15 

3    4| 

5.62 

.025 

2    8 

13-iti.   . 

86 

3    Of 

13.0 

.16 

9    0 

Mortars  lO-in.   . 

16^ 

2    7J 

10.0 

.16 

4    0 

(  8-m.   . 

Si 

2    U 

8.0 

.14 

2    0 

Land  Service. — ^Brass  Ordnance. 


ri2-pr.  . 

18 

6    6 

4.623 

.1 

4    0 

With  the  new  Shot 

this  charge  will 

be  reduc^  pro- 
bably to   3  lbs. 
8  oz. 

Guns .  < 

9-pr.  . 

13i 

6    0 

4.2 

.1 

2    8 

6-pr.  . 

6 

5    0 

3.668 

.1 

1    8 

3-pr.    { 

3 
2^ 

4    0 
3    0 

}  2.913 

1 

.09 

/  0  12 
0  10 

/'32-pr.  . 

m 

5    3 

6.3 

.125 

8    0 

Howit-  1 24-pr.  . 

13 

4  a 

5.72 

.123 

2    8 

zers.     Il2-pr.  . 

6^ 

3    9: 

4.58 

.122 

1    4 

(  4|-pr. . 

2^ 

1  10} 

4.52 

.066 

0    8 

ho-in.   . 

12i 

2    3 

10.0 

.16 

4    0 

Mortars    g.^  ; 

3 

1    9i 
1    8 

8.0 
5.62 

.14 
.025 

8    0 
0    8 

t 

I  4§.in.  . 

! 

1    Of 

4.52 

.008 

0    ^ 
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APPENDIX  (C.) 

Observations  on  the  Xaval  OperatioM  in  the  Black  Sea, 

XotenAer,  1854. 

Broag^  dt/wn  to  the  preseot  EfdHikn. 

At  the  beginning  of  the  year  1854  there  remained  little  hope  tl 
the  peace  of  Europe  would  be  preserved,  and  it  wajs  soon  afterwai 
judged  necessary  to  send  a  British  army  to  the  East,  in  order  to  i 
operate  with  one  from  France.     By  great  exertions,  upwards 
20,<XK)  troops,  infantry  and  cavalry,  were  shipped  and  sent  off;  t 
guns,  military  stores,  and  provisions,  were  to  be  def^patched 
proportion  as  they  could  be  cc>llect^     A  few  field-batteries  on] 
affording,  on  an  average,  scarcely  one  gun  for  eveiy  tboosand  mc 
were  sent.     Gunner-drivers  and  horses  for  tbe  train,  waggons 
carr>'  ammunition,  spring- carts  for  the  sick  or  wounded,  sappers  aj 
miners  with  their  intrenching-tools,  and  bridge  equipments,  with  x 
the  other  indispensable  requisites  for  an  army  in  the  field,  we 
scantily  supplied,  and  some  were  altogether  wanting. 

Thus,  on  a  small  peace  establishment,  the  country  was  canght 
a  politioal  storm,  and  involved  in  a  mighty  war.  There  exist 
some  good  regiments  of  infantry,  and  a  few  over-officered  squadro 
— they  could  not  be  called  regiments — of  well-appointed  cavalr 
but  all  were  totally  unprovided  with  the  means  necessaiy  i 
enabling  them  forthwith  to  take  and  keep  the  field.  In  this  stai 
a  military  force,  constituting  nearly  the  whole  of  our  effectf 
strength,  was  despatched  with  wonderful  promptitude  to  the  co 
templated  seat  of  war ;  but,  lacking  the  establishments  which  shoo 
have  given  it  vitality,  it  is  not  surprising  that  it  was  not  prepare 
to  enter  on  a  campaign  till  the  season  propitious  for  militaiy  opei 
tions  was  near  its  termination. 

These  deficiencies  and  disabilities  could  not,  however,  with  ai 
justice,  be  charged  to  the  Gt»vemment  of  that  day,  nor  could  they  1 
provided  at  the  eleventh  hour  by  any  administrative  talent  on  tl 
part  of  the  new  Department  of  War.  The  evils  were  too  deep 
seated  to  be  removed  on  a  sudden ;  all  that  zeal,  energy,  and  abili 
could  accomplish,  was  done  by  the  Government  to  repair  the  evil 
and  supply  the  deficiencies  which  had  resulted  from  the  persistent 
of  Parliament,  at  and  after  tlie  conclusion  of  the  war  in  181 
in  measures  dictated  by  a  reckless  spirit  of  economy,  to  abolish  < 
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reduce  the  military  eBtabliahmeiite  of  the  country,  as  if  war  were 
never  again  to  ovortake  the  oatioa.*     All  the  BStablisbmeotB  india- 


•  The  anny  bad  been  i;ri:«tlj  reduced  id  slrenglli ;  Ihe  infiintry 
overworked  id  Colonial  aerrice,  no  camps  of  innlruetion  had  be 
whole  of  the  40  yeara'  peace;  that  rnont  urellent  and  effident  of 
Corps,  which  bad  rendered  eminent  sei-rices  tbroDghonl  the  Peninai 
thf  Waj^n  Corps,  the  1  (md-serr  ice  Transport  CoqB  in  Ihe  Penimi 
Gunoer-drirer  Corps,  "le  Train"  of  the  Frenoh  Servjw,— which,  i 
was  appropriated  to  the  Bwrice  of  the  Artiller)'  in  the  field,  and  to 
to  the  ooaveynnee  of  provisions,  ommnnition,  and  stores,  and  othi 
ihilnted;  (he  pennuient  StntT  Corps  of  offii 


of  fho  sortice  had  been 
eu  formed  during  Ihe 
lerative  corps  the  Staff 
liar  War,  was  minced; 
ila,  was  abolished ;  the 
n  the  PminsiiUr  War, 
the  Park  of  Artilleiy, 
T  aeFTices  in  the  lieM, 
dtsGontinued ;  mllitni; 


edudtlion  wiu  disvurnged  and  neglected,  and  the  military  edacatiooal  estitbliaiiment 
the  Crovo  neglected,  diiceuR^ed,  and  in  the  main  lubierted,  bjr  diminution  of  the 
PartituoeDtAry  grants  from  jear  la  jear — and  ultimately  the  withcunwal  of  Ihe  whole, 
so  that  the  Royal  Military  College  might  becomo  selFiustalning, — thus  violating  the 
engagements  on  which  that  seminary  had  been  established  by  the  King's  Warrant  and 
provided  for  by  Parliament:  aU  gratuitous  education  in  that  Institation  lor  the  arphnns 
of  oHicen  who  had  been  killed  or  died  in  the  service,  being  withdrawn,  k(  well  an  that 
other  ori^nal  regulnlinn  which  provided  that  the  sons  of  officers  serving  UiouM  be 
educated  at  reduced  rates,  ocoonling  to  Iheir  respective  ranks.  Then  again,  the  Staff 
School  of  the  British  Army  (the  Senior  Department  of  the  Boyal  Military  CoU^e), 
during  thpgreal  war  had  supplied  the  Oenenil  Stafl'  of  the  nrmy  in  the  Peniniinla  with 
well-qttalilied  oSicen ;  which  (ieneral  Staff  was  acknowledged  to  be  the  most  efficient  in 
Europe;  and  was  so  considered  by  the  Krench  in  particular,  when  they  instracted  Barou 
Charles  Dupin  to  visit  this  country  in  181G,  to  eiamine  and  report  upon  our  Naval  and 
Military  Institutions,  and  specially  directed  him  to  visit,  inspeot,  and  report  upon  the 
British  Staif  School.  On  the  receipt  nf  U.  Dupia's  Report,  L'Ecole  d'Applicatton  d'Etat 
Major  was  e«tnbliehed  at  Paris.  Eitended,  encouraged,  and  fostered  to  the  utmoEl,  that 
Drtablighment  has  succeeded  in  forming  the  Corps  d'EUt  Major  of  scientilic  tkiliiil' 
officer! ;  and,  whilst  that  most  imporlant  establishment  has  acquired  great  practical 
efficiency  and  renown,  lis  prototype,  the  Britinh  Staff  School,  has  been  reduced,  dis- 
couraged and  neglected.  Indeed  so  nesKy  had  it  e:(pired,  that,  when  the  foundation 
stone  of  the  new  Staff  College  was  rewitly  laid,  near  the  Royal  Military  College  at 
Sandharat,  the  event  was  alluded  to,  by  the  speakers  on  the  occasion,  as  if  an  entirely  new 
initltntioa  were  being  originated  ;  Instead  of  its  being  the  revival  and  restoratinn  of  one 
which  in  its  day  had  done  good  service  to  the  country :  lie  pre-eilatence  was  absolutely 
ignored,  and  the  good  it  had  accomplished  vras  consigned  to  oblivion. 

In  the  minntes  of  evidence  taken  before  the  Select  Committee  of  the  House  of  Commons, 
in  May,  185.i,the  reader  will  find,  In  the  evidence  given  by  the  author,  full  statements  of 
this  decadence  of  the  Royal  Military  College  in  twth  its  departments,  and  iiom  which 
evidence  he  copies  the  following,  to  Bubatantiale  what  he  baa  staled  in  the  previous 
part  of  this  note : — 

"  Gmeral  SirHoicard  Douglas,  G.C.B.,  15tb  May,  185S. 
"  22aO.  Colonel  KOBTK. — Do  yon  know  the  proportion  that  the  country  paid  when  the 
eipense  was  34,0W}r.7— It  was  all  paid  by  the  country  at  (hat  time.     In  18i7  it  was- 
27,764/.      In  1818  it  was  34,774/.     In  1819  the  Pnrllamentary  grant  was  23,028(.      In 
1820  it  was  21,471/.  16s.  Qd.     In  1821  It  was  18,738.     In  1823  it  was  15,387/.     In 
1823  it  was  13,700/.      In  1824  it  was  13,294/.      In  1825  it  was  IS.BSS/.      In  18SS  it 
was  13,13SJ.     In  1827  it  waa  13,320/..    lu  1828  it  mia  12,917/.     In  I8S9  It  «■■ 
10,023/.      In  1830  it  was  7,856/.     In  1831  it  was  5,627/.     In  IS:t2,  np  to  Much, 
1833,  it  was  2,898/.,  when  the  ParliatneDtary  votes  entirely  ceased,  and  the  Galley 
became  self^ustalning.     In  proportion,  as  these  reductions  went  on,  it  beiame  neceH"~     1 
ti>  diminish  more  and  more,  (int,  the  orphan  establishment,  and  then  the  niimbn- 1^ 
who  did  not  poy  anything  like  the  coat  of  their  education  ;  afterward*  to  ino- 
the  niimbar  of  the  anus  of  private  gentlemen,  and  to  augment  their  rates  of"  | 

to  a  great  deal  more  than  toe  educadnn  of  their  tons  individually  cost,     Sc  i 

to  make  the  College  self-«ustaiuing,  the  chief  expense  of  the  ertobllshtM)^ 
by  the  sons  of  private  gentlemen,  who  pay  about  one-half  mora  tint  I 

actually  cosli,  and  the  ureas  is  carried  to  the  aid  of  the  College  fluid* 
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pensably  necesRary  to  enable  the  army  to  take  the  field,  of  which 
in  vain  lamented  the  want  in  1854,  had  to  be  restored  and 


who  caoDOt  aflbrd  to  pay  the  cost  of  their  education.  No  one  can  doubt  that,  as  Ion 
it  continues  to  be  a  military  establishment,  the  ori^nal  endowment  ought  to  hare 
respected ;  and,  instead  of  calling  upon  the  sons  of  private  gentlemen  to  pajr  more  1 
the  cost  of  their  education,  and  to  apply  that  excess  to  those  who  could  not  afibrd  to 
the  expense  of  their  education,  the  Government,  and  not  the  third  establishment^  sh 
have  provided  the  necessary  funds,  and  continued  to  charge  the  noblemen  and  gentlei 
whose  sons  form  ihe  third  class,  with  the  real  cost  of  their  education,  and  nothing  mo 

**  2232. — Do  you  think  that  the  fact  of  charging,  in  round  numbers,  double  the  oosi 
the  education  of  a  gentleman's  son,  tends  to  exclude  from  the  benefits  of  a  military  ed 
tion  the  sons  of  gentlemen  of  smaller  means  ? — Certainly,  by  so  much. 

•*  2233. — In  fact,  it  throws  the  military  education  into  the  hands  of  the  very  wea 
class,  and  not  into  the  class  of  orphans  and  the  sons  of  oflicei's  of  subordinate  atati 
who  receive  an  education  partly  gratuitously  from  the  surplus  funds  fui-nished  by 
sons  of  the  wealthy  gentlemen  ? — Applying  that  with  respect  to  the  College,  it  is  c 
that  the  effect  of  the  pecuniary  economy  was  to  introduce  the  sons  of  a  great  numbc 
persons  who  could  afford  to  pay  that  high  price  for  their  education,  and  to  ezcludi 
so  much  those  who  could  not  so  well  afford  it,  but  who  had  beetf  admitted  under 
former  plan.  In  consequence  of  this,  the  College  has  really  less  hold  upon  ihe  consi 
ation  of  the  country,  in  ^e  state  in  which  it  is,  than  it  would  have  had  if  weJiad  kef 
firm  on  the  foundation  on  which  it  was  originally  placed  ;  that  is,  as  a  place  of  educa 
for  the  sons  of  ofhcers  at  moderate  rates,  for  orphans  gratuitously,  and  for  the  son 
private  gentlemen  at  cost  rates,  instead  of  discontinuing  the  reception  of  youths  who  h 
the  greatest  possible  claim  on  the  service,  and  on  the  country. 

**  2289. — Can  you  give  the  Committee  any  information  as  to  the  number  of  officer 
the  Senior  Department  who  have  passed  the  final  examination,  and  obtained  certificates 
*the  qualification  for  the  general  staff  since  the  formation  of  the  department? — ^Tl 
hundred  and  twelve ;  of  whom  240  obtained  certificates  in  the  period  from  1820  to  18 
these  last  obtained  certificates  after  the  Senior  Department  had  been  removed  fi 
Famham. 

*'  2290. — ^How  many  have  obtained  certificates  up  to  the  time  when  the  three  clai 
of  certificates  were  introduced  ? — Two  hundred  and  sixteen. 

*'2292. — How  many  officers  have  received  certificates  from  that  time  in  the  tl 
different  classes  of  certificates  ? — Two  hundred  and  sixteen. 

**  2293. — Can  you  state  to  the  Committee  how  many  ofiUcers  who  have  received  ce 
ficates  of  qualification  for  the  general  staff  are  now  employed  in  the  duties  of  the  staff! 
'  In  1852  there  were  seven  ;  in  May  1854  there  were  fifteen. 

**  2308. — When  did  the  British  aimy  first  begin  to  be  efficient  with  regard  to  the  du 
of  the  general  staff? — I  think  it  was  made  highly  efficient  in  the  course  of  the  Peninsc 
War,  and  very  much  so  in  consequence  of  the  number  of  officers  who  were  appointee 
that  time,  after  having  passed  their  examination  at  High  Wycombe,  and  obtained  ce 
ficates.  They  were  thereupon  employed  on  the  staff  in  the  Peninsula :  a  great  part  of 
Quartermastcr-generars  staff  was  composed  of  officers  who  had  been  educated  at  H 
Wycombe. 

"  23 10.— You  attribute  that  a  great  deal  to  the  College  at  High  Wycombe  ?— Yes.  I  h 
here  a  list  of  the  names  of  officers  who  had  been  at  the  Senior  Department,  who  served 
the  staff  in  the  Peninsula: — Sir  George  Murray,  Sir  Henry  Bunbury,  Sir  Benjai 
D' Urban,  Sir  Richard  Bourke,  General  Birch  Reynardson,  Sir  James  Elathurst,  Gene 
Samuel  Brown,  Sir  Richard  Jackson,  Lord  Aylmer,  Lord  Hardinge,  General  Sir  J< 
Wilson,  General  L'Estrange,  Sir  William  Herries,  Sir  Nathaniel  Thome,  Sir  Geo 
Scovell,  Sir  William  Gomm,  Sir  William  Waarre,  Sir  Thomas  Brotherton,  Sir  Geo 
Bowles,  Sir  James  Douglas,  Sir  Robert  Harvey,  Sir  James  Hope,  Colonel  Muter  Stratt 
General  Macgregor,  Colonel  Drake,  General  Bainhrigge,  Colonel  Cameron,  Sir  Sa 
ford  Whittingham,  Colonel  Nisbct,  Sir  William  Eustace,  Earl  Cathcart,  General  G 
L'Estrange,  Sir  Charles  Napier,  Sir  William  Napier,  Sir  Jeremiah  Dickson,  General  J< 
Coffin,  Sir  Neil  Campbell,  Sir  Octavius  Carey,  Colonel  RidJell,  Colonel  John  Freemani 
Sir  George  Brown,  Sir  William  Dc  Lancey,  Colonel  the  lion.  Alexander  Abercroml 
Colonel  Robert  Waller,  Colonel  Edward  Fitzgerald,  Major  Algernon  Langton,  Colo 
John  Thoraton,  Colonel  Thomas  Kraser,  Hon.  Sir  Edward  Cust,  Sir  George  Wethen 
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organised.  For  this,  much  timo  had  neceasarily  to  be  lost,  and 
precious  opportunities  let  slip,  ero  England  could  collect  and  organise 
hor  neglected  military  resources,  and  bo  again  prepared  tg  buckle  on 
her  armour  and  esert  the  plenitude  of  hor  military  etrength,  wheflier 
for  defending  her  own  temtoriea,  or  to  resist  aggressions  directed 
against  those  of  her  allieB, 

The  author  .feels  himself  justified  in  making  public  these  eenti- 
menta,  because  they  are  consonant  with  what  he  had  written, 
published,  and  on  some  occasions  spoken,  since  the  termination 
of  the  Waterloo  campaign,  up  to  the  breaking  out  of  the  late  war 
with  Eussia-  The  evil  predicted  having  once  overtaken  uh,  the 
country  must  take  warning,  having  become  convinced  that  some- 
thing more  than  numerical  atrongth  and  personal  bravery  is 
required  to  lender  an  army  efficient  in  the  field ;  and  that  a  nation 
which  had  so  neglected  her  military  establishmeuis  as  to  have 
permitted  her  army  to  fall  into  such  a  state  of  inefficiency  for 
immediate  service,  could  scarcely  be  counted  upon  as  a  military 
■power  capable  of  promptly  taking  part  in  a  great  tenitorial  war, 
and  of  inmiediately  sustaining  and  vindicating  the  lofty  tone  which, 
without    reflecting   upon    our    veiy    limited    military    means,    the 


Sir  .lames  Shnpson,  Sir  Richarf  Dogherty,  Mnjor-Geiifnil  Rumley,  Colonel  A.  Stirling, 
.Sir  Gforge  Grey,  Govenior  of  the  Cape  of  Good  Hope,  and  miuiy  othen.  Then  While, 
Oslmra,  Pntrick,  iemeaurea,  BradforJ,  ColliDs,  and  many  othera  who  were  killed  in  the 
Peninsula.  Since  the  wnr,  many  ofIicera.who  afterasrdE  disUugulBhed  themselrts,  itudiei 
nt  the  Senior  Department,  and  were  engnged  lubiequcntly  in  other  ware. 

"  2328.— Are  you  aoiuainted  with  (he  Corps  de  I'Elat  Major  in  France  ?— Tea,  I  uu. 

"2330. — When  was  lout  organiieii  and  made  a  special  eorpt  ? — It  was  organiied  in  1818. 
Soon  after  the  l^eice,  a  gnat  part  of  the  army  wai  in  hist  disbiuided  ;  and  when  the  Royal 
armies  were  reformed,  a  commtiaion  of  very  eminent  oflicera  was  nnmed  la  regulate  the 
reorgoniiBtlon  of  the  army  sod  of  the  staff.     I  had  nccesa  tn  all  the  discUKiions  that  took 
place  St  that  time  at  Paris,  Bad  I  ttiink  it  might  be  terviceable  mrn  to  produce  to  the 
CotntDitt^e  copies  of  the  dJicnniDOi  that  t«ok  plaee  ufon  the  question,  whether  or  not, 
iu  reorganixing  their  staff,  they  thonld  form  it  into  a  special  corps,  or  leave  it  ns  it  was, 
the  uflicen  being  connected  with  the  troops.      Various  discussions  took  place  on  the 
question  of  forming  a  separate  staff  corps,  as  to  what  the  effect  might  be  in  diseour^ng 
■he  line ;  how  the  relative  promotions  should  be  regulated ;   how  the  slalf  sboald  be 
educated;  whether  the  staff  should  be  recruited  by  drawing  competent  officers  occasionally 
from  the  regiments,  as  they  might  be  selected  for  their  Inlelligence  and  military  acquire- 
ments ;  or  whether  to  establish  some  special  school  for  the  education  of  the  oHicers  of  the 
staff.     It  was  decided,  upon  the  whole  (not  unanimously,  however],  that  the  staff  ihould 
be  farmed  into  a  separate  corps  ;  that  ^t  should  not  he  kept  up  by  indraughts  of  ofHcera 
from  the  trDa|<ii,  tn  be  InlerpaUfed  into  the  several  ranks  of  the  staff,  but  that  it  shonld 
he  recruitfdat  the  bottom,  byeWcej  from  the  special  school  of  St.  Cyr  and  the  Polytechnic 
School,  who  should  then  become  students  at  L'Ecole  d' Application.     That  the  students 
should  then  be  sent  for  two  years  to  do  duty  with  a  regiment  of  in&ntry ;  Iha  '^-' 
to  act  as  regimental  oStccn,  atid  the  second  year  to  act  as  Btdcs-dr-cann  ' 
for  there  ."U^  three  battalions  in  a  French  regiment,  and  the  col"- 
brigade.     It  was  further  decided,  that,  after  a  ftaJtnt  atialt  <'- 
tion  in  the  service  of  the  bfuntry,  he  should  be  sent  Iu  n  ' 
and  then  lo  l.'Ecole  Sp^^iole  at  Meti,  the  great  engiu- 
thua  ncqiilred  a  competent  knowledge  of  all  the  aims 
well-qunlilied  and  accomplished  slnff  officer,  he  ehou'' 
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Oovemment  of  this  country  so  nobly  aosumod,  and  the  spirit 
nation  so  generously  and  congenially  re-echoed,  at  the  break! 
of  hostilitii^s. 

Under  these  very  disadvantageous  and  inauspicious  oircums 
with  respect  to  the  small  amount  of  our  effective  znilitaiy  foro 
the  late  period  of  the  season  at  which  it  was  so  far  eqnippec 
be  able  to  take  the  field,  the  allied  army,  deeply  inipre^iiate< 
the  seeds  of  disease,  and,  had  it  even  been  in  an  efficient  sa 
state,  not  numericaUy  strong  enough,  particularly  in  ca 
to  ensure  success,  entered  on  the  arduous  task  of  besii 
capturing,  and  destroying  the  great  fortress  and  naval  arsei 
Sevastopol. 

There  never  was  a  case  in  which  a  siege  required  to  bo  under 
with  greater  regard  to  the  relative  strength  of  the  besiege< 
besieging  armies,  and  to  the  quantity  as  well  as  quality  of 
siege  artillery — never  one  in  which  a  great  superiority  o: 
investing  army  over  the  forces  forming  the  garrison  of  the  plao 
so  imperative.  In  estimating  the  amount  of  force  requir 
besiege  and  capture  Sevastopol,  regard  should  have  been  had  \ 
important  fact  that,  in  its  local  character  as  a  military  position 
town  is  a  vast  fortress  situated  on  both  sides  of  a  long  ha 
resembling  a  very  broad  river,  and  of  which  the  northern 
occupied  by  the  citadel,  is  elevated  above  the  southern  part. 
place  belongs,  therefore,  to  the  category  of  a  fortress  divided 
two  portions  by  an  imfordable  river,'  in  which  case  the  divisi< 
the  investing  corps  would  be  prevented  from  mutually  assi 
each  other.  To  invest  such  a  place  would  require  an  army  twi 
strong  as  would  suffice,  if  no  such  obstruction  to  inJteroommunic 
and  mutual  support  existed.  In  this  qase,  also,  the  enemy  ke( 
the  field  with  a  niunerous  army  of  observation,  a  strong  and 
extensive  line  of  circumvallation  was  necessary. 

With  respect  to  the  means  of  defence,  with  which  it  is  well  k 
that  Sevastopol  was  plentifully  provided. — Here  was  a  vast  i 
arsenal  already  well  fortified,  and  capable,  from  the  time  of  1 
menaced  with  an  attack,  of  being  greatly  strengthened  in  its  ^ 
and  its  garrison :  it  possessed  enormous  quantities  of  ordnance 
ammunition,  which  had  been  accumulated  in  its  magazines  • 
exclusive  of  the  artillerymen  attached  to  the  ordnance  of  the  pla 
had  the  power  of  drawing  from  the  fleet  in  the  harbour  vast  nun 
of  well-trained  naval  gunners,  all  of  whom  could  be  rendered  i 
able  for  manning  the  artillery  during  the  progress  of  the  siege. 


•  *  Une  place  partagee  par  une  riviere  non  giie'able,  exige  le  double  plus  de  forw 
son  investissement  qu*une  place  autour  de  laquelle  des  communications  faciles  pern 
h  tons  les  corps  qui  en  forment  Tinvestissement  de  s'entre-secourir  prompteme 
Bousinard,  *  Essai  Ge'neral  de  Fortification/  liv.  i.  chap.  ii.  p.  f55. 
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war  may  be  depended  upon  with  so  mucli 
B  Biego  of  a  fortress,  provided  it  be  undertaken  with 
s  and  be  skilfully  conducted ;  *  but  no  meofiuve  is  so 
disafitroua  £is  the  undertaking  of  a  siege,  ae  was  the  case  with  that  of 
CurgoH,  at  which  the  author  served,  in  1812,''  without  the  requisite 
strength  in  men  and  materials.  The  attacking  force  should  be 
eufflcieutly  numerous  to  invest  the  place  on  every  accessible  side,  eo 
that  nothing  may  be  able  to  get  in  or  out,  and  it  should  he  equal  in 
amount  to  about  five,  and  never  less  than  thi'ee,  times  the  garrison  : 
there  should  be,  moi'eover,  in  the  field  a  covering  army,  of  which 
a  large  portion  should  be  cavalry,  in  order  to  protect  the  operations 
of  the  siege,  and  prevent  them  from  being  interrupted  by  an  army 
of  observation,  which  the  enemy  may  bring  up  while  they  are  being 
carried  on.  The  allied  army  in  the  Crimea  found  itself  manifestly 
inadequate  to  the  accomplishment  of  the  object  in  view,  and  even 
the  victory  on  the  Alma  rendered  it  still  less  able  to  compote  with 
the  overwhelming  power  of  its  opponents,  The  allied  commanders 
were  then  compelled  to  come  to  a  deteimi nation  on  which  side,  the 
northern  or  the  southern,  Sevastopol  should  bo  attacked  :  on  both  at 
once  they  could  not  act.  The  northern  side  was  strongly  fortified, 
the  Russians  held  a  formidable  position  on  the  Bolbco  Eiver,  and  no 
shelter  for  the  ships  could  be  afforded  on  that  part  of  the  coast; 
there  was  no  place,  in  fact,  convenient  for  landing  the  siege-train, 
or  for  establishing  a  secure  point  of  communication  between  the 
army  and  the  fieet,  which  at  that  late  season  could  not  be  expected 
long  to  lie  at  anchor  on  the  open  sea.  On  theso  accounts,  it  was 
promptly  determined  to  abandon  the  precarious  base  of  operations 
north  of  Sevastopol ;  and  to  turn  the  enemy's  positions  on  the  Belbec 
and  the  northern  heights,  by  a  flank  march  to  the  south,  in  order  to 
establish  in  Balaklava  Bay  anew  base,  from  which 'the  attack  might 
be  made  on  the  southern  heights. 

To    invade    the    Crimea, — an   integral    portion    of   the    Eussiaa 
empire,— and  lay  siege  to  Sevastopol   at  that  late  period  of  the 
season,  and,  as  has  been  already  observed,  with  an  army  deeply 
impregnated  with  the  seeds  of  disease,  was,  in  the  opinion  of  the 
author,  a  desperate  and  dangerous  operation.     It  was  undertaken,  • 
too,  contiary  to  Ihc  judgment  of  an  eminent  engineer,  whose  opinioa 
should  have  ruled,  but  who,  when  that  determination  was  take) 
did  all  in  his  power  to  meet  the  difScultioe  of  the  ca^e  by  r 
mending,  as  a  matter  of  necessity,  to  abandon  the  base  i 
Sevastopol,  whose  communications  vrith  the  sea  had  e* 
period  of  the  year  heoome  precarious,  and  to  seize  up 
south  of  the  place,  in  which  a  secure  base  might  be  * 

■   y.iphr,  'llialnif  oflbe  IVninral.ir  Wnr,'  toI.  It.  p.  17fl.  '•  Ibl 
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a  change  of  position  which,  under  the  difficulties  in  which  the  alii 
army  was  placed  from  insufficiency  of  force,  was  apparent 
the  best  measure  that  could  be  adopted  under  such  circnmstancc 
and  this  very  critical  movement  was  gallantly  and  snccessfii] 
accomplished  by  a  somewhat  hazardous  march  of  the  whole  army. 

It  is,  however,  much  to  be  regretted  that,  from  want  of  sufficie 
force,  it  should  have  been  necessary  to  abandon  the  line  of  opei 
tions  by  which  the  place  was  at  first  approached,  and  on  inrhic 
at  the  Alma,  the  army  covering  Sevastopol  in  that  direction  w 
defeated.  That  battle  was  a  brilliant  deed  of  arms,  most  hononral 
to  the  allies  ;  bnt,  in  consequence  of  the  change  of  plan,  it  mnst 
allowed  that,  except  in  its  moral  effects,  it  was  fruitless,  and 
some  important  respects  disadvantageous.  In  laying  si^e 
Sevastopol,  it  may  safely  be  asserted,  that  the  most  advantageo 
point  of  attack  was  the  northern  side ;  the  ground  there  being  mc 
elevated,  and  the  large  octagonal  work  on  its  summit  its  citadel  a] 
the  key  of  the  place.  This  taken,  the  Telegraph  and  Wa 
batteries  on  the  northern  heights,  Fort  Constantine  and  the  fo] 
below,  being  commanded  and  attacked  in  reverse,  must  have  80< 
fallen :  while  the  town,  docks,  arsenal,  and  barracks  on  the  sou 
side  of  the  harbour  would  have  been  at  the  mercy  of  the  allies,  wl 
by  the  fire  of  their  batteries,  might  have  entirely  destroyed  the 
all;  whereas,  by  attacking  the  place  from  the  south,  the  enen 
holding  the  northern  heights,  although  the  works  on  the  crest  of  tl 
southern  heights  should  be  breached  and  taken,  the  town,  the  bo< 
of  the  place,  with  its  docks  and  arsenals,  would  not  be  tenab 
by  the  besiegers  till  the  great  work  on  the  northern  side,  and  all  i 
defensive  dependencies,  had  been  taken;  and  these,  were  great 
strengthened  before  the  allies  were  in  a  condition  to  direct  the 
attacks  against  them. 

The  flank  march  of  the  whole  army  to  the  south  abandon 
at  once  to  the  enemy  a  perfectly  free  communication  between  t 
place  to  be  besieged  and  his  army  of  observation  in  the  field,  ai 
left  open  the  line  of  operation  from  their  base  at  Perekop ; 
disclosed  the  alarming  fact  that,  from  want  of  sufficient  fort 
Sevastopol  could  not  be  invested  on  every  side;  that  the  m< 
advantageous  point  of  attack  was  not  to  be  attacked,  but  tome 
that  the  enemy's  commimication  with  the  strongest  portion  of  t 
town — its  citadel,  its  keep,  and  the  key  of  the  whole  position — w 
to  be  left  open  to  him ;  and  that,  instead  of  besieging  Sevastop 
the  allied  army  was  only  to  attack  an  intrenched  position  on  t 
southern  heights,  supported  in  its  rear  by  the  strongest  feature  a: 
most  formidable  works  of  the  place,  and  open  to  receive  succour 
reinforcements  to  any  extent ;  also  that  the  attack  of  the  place  w 
to    be    carried    on   without   a   covering   army,  distinct    from    t 
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besieging  force,  to  protect  it  from  being  disturbed  iu  its  opersitionB 
by  the  enemy  in  the  field,  who  was  thus  left  in  direct  and  immediate 
communication  with  a  tete  which  he  might  support  with  all  his  force. 
The  flank  march  of  the  whole  army  to  the  south  was  therefore  an 
error  in  strategical  science,  imposed  of  necesaity  upon  the  allied 
commanders  by  want  of  numerical  strength  to  render  the  attack  of 
Sevastopol  safe  and  succefisfiil ;  and  such  error  can  only  be  justified 
by  the  absolute  inability  of  the  army  to  fulfil  the  conditions  on  which 
the  siege  of  a  fortress,  with  a  large  army  of  observation  in  tie  field, 
can  bo  successful. 

Hadihe  allied  army  been  strong  enough  to  follow  up  its  succera 
on  the  Alma  by  the  occupation  of  Duwantoi  and  Khuton,  or  Bakchi 
Sarai,  and  to  invest  the  place  on  the  north  wilh  the  large  reserve 
force  which  assuredly  should  have  been  at  hand,  a  successful  attack 
on  the  small  intrenched  camp  estahlished  by  the  Russians  to  prevent 
a  landing  being  made  good  at  the  month  of  the  Belbec  Eiver,  would 
have  materially  afiected  the  progress  of  the  operations  in  the  Crimea. 
However  formidable  the  defences  of  that  camp  might  have  been 
seaward,  it  could  easily  have  been  taken  by  land,  while  a  part 
of  the  allied  force  moved  round  and  gained  possession  of  Balaklava, 
BO  as  to  open  its  port  to  the  fleet,  the  latter  having  on  board 
a  suflGcient  reserve  to  invest  the  place  on^that  side  also.  To  this  it 
may  be  said,  we  sent  to  the  intended  seat  of  war  the  whole  of  our 
efi'ective  military  force,  and  could  do  no  more.  This  unhappily 
is  true^  but  if  as  the  author  always  maintained,  and  subsequent 
eveubi  proved,  "our  all"  was  then  clearly  insufBcient  to  do  our  part 
to  effect  the  purposes  in  view,  all  that  can  be  said  is,  that  so  great 
an  operation  should  not  have  been  undertaken  until  ample  means 
had  been  provided,  and  not  on  any  account  at  so  lato  a  period  of  the 
year.  But,  moreover,  if  the  whole  of  our  very  limited  means  was 
not  sufficient  to  enable  us  to  provide  a  contingent  adequate,  in  the 
stipulated  proportions,  to  form  with  our  allies  an  anny  sufficiently 
strong  to  enter  on  a  great  territorial  war  in  an  enemy's  conntry  with 
any  fair  prospect  of  success,  how  was  it  then — and,  tiU  too  lafe — 
with  respect  to  reinforcements?  W'hoi-e  were  our  reKcrvcH?  No 
snch  operation  should  ever  be  undertaken  without  lai^o  resorvea 
either  at  hand  or  immediately  fortlicoming. 

The  very  first  principle  in  strateirii^.il  Biiipnee  in  ti<  kprn  n  r..(rcat 
open  in  the  event  of  a  failure  in  lli'  inthcr 

is,  not  to  undertake  any  military  in^  I'Ting 

both  the  unsuccQssfnl  and  the  bucia-  ifipoam 

to  have  been  Destowed  on  either  i^f  iln"  ■  .'ml   '-i  iln;. 

Crimean  expedition:    complete    ujiil    spi.  ■  "■  n    .l.vnuil 

certain:    that  Sevastopol  was  doomed    !■ 
doubt ;  and  failnre  in  this  object  wb«  yu"- 
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sad  disappointment  of  this  expectation  was  attributed  to  caa8< 
which,  it  is  said,  could  not  have  been  foreseen — the  strength  of  tl 
place,  its  abundant  means  of  defence,  and  the  determined  resistan< 
opposed  by  the  Eussian  forces:  yet  all  this  should  have  he* 
anticipated ;  it  was,  in  fact,  foretold  by  the  author,  whose  co 
victions  were  founded  on  what  military  science  and  experience  h; 
taught  him  respecting  an  enterprise  attempted  in  such  circm 
stances.  The  following  extracts  from  a  work  published  bj  t 
author  in  1819'  will  serve  to  show  what,  at  various  timee  since  C 
invention  of  gunpowder,  have  been  the  consequences  of  attempti] 
to  besiege  fortified  places  with  insufficient  means : — 

'*  When  Beauvais  was  besieged  by  Charles  the  Bold,  in  1472,  t 
place  not  being  completely  invested,  succours  were  thrown  into 
and  the  king,  who  discovered  his  error  when  it  was  too  late,  w 
obliged  to  raise  the  siege."     The  like  error  was  committed,  and  tl 
like  result  followed,  when  Haarlem  was  besieged  by  the  Spaniar 
in  1573.**     *'  When,  in  1674,   M.  Babenhaiipt,  with  an   army 
11,000  men,  besieged  Grave,  in  which  there   was   a  garrison 
4000   men,   the   sorties  from  the  place  were    so  frequent,    the 
according  to  M.  Quincy,  in  his  '  Histoire  Militaire  de  Louis  XIV 
vol.  i.  p.  387,  it  was  difficult  to  pronounce  whether  M.  Babenhau] 
was  the  assailant  or  the  jiefender ;  a  circumstance  which  prov 
that  an  error  had  been  committed  in  undertaking  the  siege  "with  i 
small  a  force."  *" 

The  investing  force  required  to  attack  such  a  place  arf  Qrav 
should  not  be  less  than  21,000  men.  The  proportion  required  fJ 
camp  and  other  duties  cannot  well  be  less  than  one-tenth  of  tl 
whole  army,  which  for  11,000  men,  at  three  reliefs,  is  3300  mei 
the  strength  of  the  working  parties,  at  three  reliefs,  is  3600  ;  the: 
would  remain,  therefore,  only  4100  men  as  the  guard  of  the  trenche 
which,  at  three  reliefs,  would  furnish  only  1366  men  to  oppose  tl 
sorties ;  and  these  were  no  doubt  made  with  3000  men.  In  th 
calculation,  no  allowance  is  made  for  sickness  or  casualties;  ax 
all  the  duty  is  supposed  to  be  performed  with  three  reliefs,  whic 
no  troops  could  support  except  for  a  very  short  time  and  in  fii 
weather. 

Numerous  other  instances  of  failures  arising  from  this  error  ms 
be  found  in  military  history,  nor  is  it  necessary  to  go  far  back.  1 
the  year  1854,  the  Russians  attacked  Silistria  without  having  i 
vested  it,  and  tried  to  carry  the  place  by  assault,  but  were  repulse 
with  great  loss.  Omar  Pacha  succeeded  in  throwing  reinforcemen 
into  the  fortress,  with  assurances  that  he  would  speedily  come 


•  *  Observations  on  the  Motives,  En-ors,  and  Tendency  of  M.  Caniot*s  "  Principles 
Defence/'  p.  79.  «>  Ibid.,  p.  80.  ^  Ibid.,  p.  157,  et  seq. 
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its  relief.  Tlie  RuBsianB  made  another  desperate  assault,  hoping  to 
take  it  before  it  should  be  relieved  ;  but  the  Turks,  Btrengtheued 
by  the  reiuforcements  thrown  in,  repulsed  the  attack,  and  the 
BuBsians  were  compelled  to  raise  the  siege,  with  a  loss  of  10,000 
men,  who  had  fallen,  during  the  forty  days  that  it  had  lasted. 

How  the  troops  before  Sevastopol  endured  their  labours,  and 
service  in  the  trenches,  is  a  miracle  in  war.  The  men  on  duty  in 
the  lines  were  very  nearly  half  the  effective  stiength  of  the  di^-isjon 
that  furnished  them ;  and  a  very  lar^o  portion  of  those  who  so 
heroically  repulsed  the  attack  of  the  5th  of  November,  had  just  left 
their  night's  duty  in  the  ti-enches. 

The  force  required  for  guarding  the  trenches  should  not  be  less 
than  three-fourths  of  the  sti'eDgth  of  the  garrison  ;  and,  unless  this 
proportion  be  observed,  the  operations  and  works  of  a  siege  will  be 
continually  esposed  to  be  disturbed  or  destroyed  by  the  sorties, 
Fi'equent  sorties  &om  a  besieged  place,  are  strongly  condemned,* 
particularly  in  the  early  stages  of  the  attack,  when  its  works  are 
yet  distant ;  because,  even  if  partially  successful,  the  loss  of  one  man 
in  a  place  completely  invested,  is  more  serious  to  the  besieged  than 
six  or  seven  would  be  to  the  besiegers.  But  when  the  garriKon  is 
strong,  and  the  besieging  army  inadequate  to  the  enterprise  (which 
was  tho  case  in  the  attack  of  Sevastopol,  it  not  having  been  in- 
vested), this  maxim  is  reversed  :  the  loss  of  one  man  to  the  allied 
army  was  far  more  serious  to  it  than  a  much  greater  loss  to  the 
defenders  of  a  position  which  might  be  strengthened  to  any  extent 
commensurate  with  its  force  in  tbo  field.  Under  these  circum- 
stances, the  lEussians  did  right  to  make  frequent  soitios,  and  to 
resort  to  operations  of  active  defence  which  they  could  not  have 
done  bad  the  place  been  invested.  In  these  attacks,  though  most 
gallantly  repulsed,  the  allied  army  sustained  far  greater  loss  than 
in  prosecuting  the  operations  of  the  siege  ;  and  this  was  a  penalty 
paid  in  precious  blood,  for  baring  undertaken  a  siege  with  means  so 
inadequate  as  to  invite,  and  admit  of,  as  we  experienced  to  our  cost, 
those  retoars  offtasifs,  which  under  usual  circumstances  are  as  con- 
demnable  as  impracticable. 

Nothing  could  justify  the  attack  of  Sevastopol  at  so  late  a  period 
of  the  year  but  the  certainty  of  taking  it  by  a  coup-de-maiu ;  and 
that  this  was  believed  possible,  and  urged  on  accordingly,  i 
from  the  general  tone  of  the  organs  of  public  opinio' 
oommencoment  and  throughout  the  operations  c 
the  serions  error  of  underrating  the  force 
and  of  exaggerating  our  own.     The  an* 
the  place  having  been  taken  conld  p 

I  Taubim,  '  Trnili  lie  In  Defense  dm  P! 
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power  to  discredit  statements  which  raised  the  expectations  of  th€ 
people  of  this  country  to  the  highest  pitch,  thereafter  to  occasioi] 
the  most  bitter  disappointment. 

Viewed  strategically,  the  operation  of  laying  siege  to  Serastopo 
commenced  inauspiciously :  the  place  was  not  invested,  its  com 
mnnications  with  the  country,  with  the  army  in  the  field,  and  ^witl 
its  base,  were  free ;  saccours  and  supplies  to  any  amount  could  1m 
thrown  in,  or  taken  out ;  the  defensive  force  in  the  place  was  ii 
direct  communication  with  the  offensive  force  in  the  field.  The 
besiegers  knew  not  what  force  they  were  fighting. 

The  bombardment  of  the  17th  October  satisfied,  to  some  extent 
the  desire  of  the  commanders,  officers,  and  seamen  of  the  fleets  tc 
have  an  active  share  in  the  labours  and  dangers  of  the  attack  ol 
Sevastopol,  and  to  gratify  popular  clamour  against  the  reserved 
position  in  which  the  Admirals  wisely  kept  'their  fleets,  as  al 
Bomarsund;  but  that  bombardment  contributed  nothing  to  the 
reduction  of  the  place.  The  co-operation  of  the  fleet  could  only  be 
useful  as  a  diversion  in  favour  of  the  land-attack,  when  the  army 
should  be  prepared  to  assault  the  enemy's  position  at  the  same 
time  ;  but  under  the  then  existing  circumstances  it  could  produce 
no  such  effect,  and  the  severe  damage  and  loss  sustained  by  the 
ships  and  their  gallant  crews  was  very  inadequately  compensated 
by  the  little  injury  they  inflicted  on  the  enemy's  forts  and  seaward 
batteries,  which,  not  being  iaced  with  granite,  appeared  to  be  more 
severely  damaged  than  at  Bomarsund.  The  safety  of  the  whole 
operation  depended  very  materially  on  the  presence  of  the  fleets, 
and  on  their  ability  to  keep  the  sea.  The  ships  were  greatly  short 
of  guns  and  of  hands.  The  entrance  to  the  harbour  was  blodced  up 
by  the  sunken  ships,  so  that  the  batteries  which  the  fleets  engaged 
could  neither  be  approached  sufficiently  near,  nor  turned  by  forcing 
an  entrance.  The  effects  produced  by  the  ships*  guns  on  the  stone 
forts  were  far  from  justifying  an  opinion  that  the  fleet  could  have 
attacked  the  place  with  any  prospect  of  reducing  it,  had  not  land- 
forces  been  employed  (Art.  360,  p.  368) :  it  shows  rather  that  an  attack 
made  by  the  fleet  alone  on  the  seaward  batteries,  however  gallant 
and  successful  it  might  have  been  in  damaging  some  of  the  defences, 
and  dismounting  some  of  the  ^uns,  would  have  produced  no  results 
commensurate  with  the  losses  sustained ;  the  ships  would  have  been 
vastly  more  crippled  than  they  were  in  the  attack  which  actually 
took  place,  and  there  can  be  no  doubt  that  some  ships  would  have 
been  entirely  destroyed  and  many  disabled.  The  severe  effects 
produced  by  the  plunging  fire  of  the  Telegraph  batteries  and  the 
Wasp  Fort,  situated  on  a  cliff,  upwards  of  100  feet  above  the  level 
of  the  sea,  and  the  very  little  damage  they  sustained  by  the  fiie  of 
the  ships,  may  well  be  cited  as  a  practical  illustration  of  what  is 
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stated  in  Art.  346  on  the  "command"  which  coast  batt«riea  ehonld 
have  over  the  siirface  of  the  sea ;  for,  although  the  elevatioas  for 
the  distances  of  the  several  ships  from  the  batteries  were  not 
greater  than  from  l°to  3°,  it  required  tie  greatest  elevation  the 
ports  admit  of,  to  bring  the  guns  of  the  ships  to  boar  on  tlie  parts  of 
the  enemy's  batteries  that  could  be  seen  ;  whilst  the  ships  were 
wholly  exposed  to  a  destructive  plunging  Are  from  the  forts.  The 
action  terminated  by  nearly  all  the  vcBsela  engaged  in  that  quarter, 
slipping  their  chains,  and  retiring  out  of  fire. 

The  French  ships  were  drawn  up  in  line  against  the  forta  on  the 
south  side  of  the  harbour,  and  partly  across  its  mouth  ;  the  British 
ships  were  in  line  opposite  the  forts  on  the  nort:h  side;  and  the 
Turkish  ships  were  drawn  up  between  them.  The  ghipa  wore  so 
much,  underhanded,  in  congeqnenoe  of  no  less  than  4000  seameti  and 
marines  having  been  landed  from  the  fleot  to  serve  at  the  siege,  that 
the  gallant  Admiral  would  not  allow  any  men  to  be  exposed  on  the 
upper  deck  of  the  "Britannia"  but  his  staff,  signal-men,  Ac,  and 
walked  his  ]>oop,  dictating  signals  for  the  arrangement  of  the  ships 
in  the  order  of  battle.  During  the  action,  a  shell  from  one  of  the 
enemy's  batteries  exploded  close  to  him.  It  was  a  dead  calm,  and 
great  difficulty  was  experienced,  as  well  as  time  lost,  in  moving  the 
hea'i-y  sailing  lino-of-battle  ships,  by  steamers  lashed  to  their  sides. 
This  mode  of  propulsion  was  preferred  to  traction  or  towing,  in 
order  to  protect  the  steamer  from  the  danger  of  being  crippled  by 
the  enemy's  fire  ;  but  in  avoiding  the  danger  incidental  to  towing, 
other  difficulties  were  incurred,  which,  together,  show  that  no 
vessels  should  bo  employed  in  attacking  land-batteries  but  such  as 
poesess  steam  power  inherent  in  themselves ;  for  it  took  an  hour  to 
turn  the  "Britannia"  into  the  proper  position  to  advance  after  her 
anchor  had  been  weighed!  (Art,  348). 

Notwithstanding  the  diversion  caused  by  the  fire  of  the  besiegers' 
land-batteries,  considerable  loss,  according  to  Admiral  Dundas'g 
Eeport,  was  sustained  by  the  British  ships ;  besides  the  damage  to 
their  hulls  from  shells  an^  rod-hot  shot,  the  masts,  yards,  and 
rising  were,  more  or  less,  cut  away. 

The  damage  sustained  by  the  combined  fleets  was  caused  chiefly 
by  the  Hiissian  shells,  which  were  fitted  with  tirae-fuzea,  as  tliose 
were  which  they  used  in  the  affair  at  Sinope  (Art.  314).  The 
"  Albion "  received  several  shells  close  to  the  water-line ;  three 
entered  her  cockpit,  and  she  woa  once  or  twice  on  fire,  Ilaving 
ceased  firing,  in  consequence  of  being  ">  ™  *•*-  to 

close  the  magazine,  aud  having  sip 
steamer,  the  "Albion"  was  towei5 
the  "  Firebrand,"  in  effectinjt 
damaged.      The  "  Arethn' 
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severely  damaged  by  the  Enssian  Bhells.  One  burst  on  the  mi 
deck,  and  knocked  down  a  considerable  number  of  men  of 
adjoining  guns'-crews ;  another  shell  burst  on  the  lower  deck,  i 
set  fire  to  some  material  close  to  200  live-shellsy  placed  there 
immediate  use !  Another  shell  blew  out  portions  of  several  pla 
in  the  bends,  and  had  there  been  any  sea  the  ship  most  have  sd 
A  shell  lodged  and  burst  in  the  timbers  at  the  wat^r-line. 
officer  and  five  out  of  seven  men,  standing  together  on  the  np| 
deck,  were  dangerously  wounded  by  the  bursting  of  a  shell.  Ai 
having  retired  out  of  fire,  it  was  found  necessary  to  keel  the  shij; 
plug  shot-holes  below  the  water-line.  The  **  Sans  Pareil "  snffe: 
severely  in  men  and  spars.  The  **  London"  suffered  considerab 
in  her  hull,  from  shot  and  shells,  fired  from  the  Telegraph  Battel 
and  was  three  times  on  fire,  within  two  hours.  The  **  Queen  "  ai 
was  forced  to  withdraw,  a  red-hot  shot  having  set  fire  to  her.  T 
*'  Agamemnon  "  lay  near  Fort  Constantine,  at  800  yards*  distant 
and  suffered  severely.  The  French  ships  appear  also  to  ha 
suffered  greatly.  The  "Ville  de  Paris,"  while  engaging  t 
Quarantine  Battery,  received  a  shell  which  blew  away  part  of  h 
poop-deck,  and  killed  and  wounded  a  great  number  of  men.  The 
facts,  extracted  from  the  general  reports  of  damages,  are  sofficie 
to  show  that  the  shells  fired  by  the  Bussians  were  fitted  with  tan 
fuzes.  Shells  which  struck,  penetrated  into  the  ships,  and  th 
exploded;  and  others  which  exploded  over  the  ships  witho 
striking,  could  only  be  time-fuzed  shells.  Percussion-fuzes  con 
not  burst  their  shells  without  hitting  a  sufficiently  resisting  part 
the  ship  to  cause  explosion ;  nor  could  they  explode  after  havii 
penetrated.  It  is  therefore  evident  that  a  great  error  -will  ] 
committed  if  we  persist  in  preferring  percussion  to  time  fiizes, 
shell-firing  against  ships ; '  against  forts  they  are  utterly  useles 
and  the  residt  of  this  bombardment  fully  bears  out  what  has  be< 
Qonstantiy  asserted  by  the  author  (Art.  314).  • 

It  is  stated  that,  to  the  last  moment,  the  Russian  guns  (upwar 
of  300)  kept  up  their  fire.  The  effect  produced  on  the  masom 
works  is  said  to  have  been  very  small :  the  archings  of  two  cas 
mated  embrasures  were  shaken,  and  these  were  at  once  repaire 
From  Admiral  Ilamelin's  despatch  to  the  French  Government, 
appears  that,  after  the  firing  from  the  French  ships  had  continue 
about  an  hour  and  a  half,  that  of  the  Russian  batteries  opposed 
them  slackened,  and  the  Quarantine  Battery  was  silenced.     On  U 


•  The  author  was  infoiined  by  letters  ^Titten  by  a  naval  officer  of  high  rank,  and  a  d; 
tinguished  artillery  officer,  who  were  present  in  the  action  on  board  a  line-of-battle  sh 
that  the  observations  contained  in  Art.  347,  p.  355,  of  this  work,  on  the  severe  effects 
shell-firing  with  tinoe-fuzed  shells  upon  ships,  were  remarkably  verified  in  the  wftack 
the  Russian  forts  at  Sevastopol. 
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Britisli  side,  wo  learn  that  towards  dusk  the  Enseians  returned  to 
their  gims,  aJid  that  these  bntteries  re-opened  their  fire  with  con- 
siderable effect  upon  the  allied  fleet.  In  consequence  of  the  little 
impree&ion  made,  apparently,  on  the  forts,  when  darknesa  was 
coming  on,  the  fleets  retired  to  their  anchorage. 

The  artillerymen  were  eevei-al  times  driven  fl'om  their  gnna, 
many  of  which  were  dismounted,  but  as  often  they  resumed  their 
stationa  :  they  appeared  to  have  served  their  guns  well,  and  fired 
bar-shot,  rockets,  red-hot  ahot  (Art.  311,  p.  309),  and  shellB,  with 
great  precision. 

The  obBervatioDB  which  the  author  frequently  had  occaeion  to 
make  on  the  subject  of  the  expedition  to  the  Ciimea  were  ftilly 
borne  out  by  all  that  took  place  in  the  operations  against  Sevastopol. 
In  order  to  understand  the  actual  position  of  the  belligerent  armies, 
it  is  necessary  to  ob^rve  that,  on  the  side  attacked,  the  town  was 
fortified  with  a  double  enceinte  of  earthworks  terminating  on  the 
east  at  the  head  of  the  inner  harbour,  from  whence  a  strong  redan 
line  extended  north-westward,  ending  on  the  careening  bay.  This 
line  enclosed  the  docks,  and  the  camp  of  that  pail  of  the  Enssian 
army  which  was  in  immediate  co-operation  with  the  garrison  of  the 

The  besieging  army  occupied  a  development  of  not  less  than 
twelve  miles — the  French,  British  and  Turkish  troops  extending 
from  Streletska  Bay  on  the  west  to  the  river  Chemaya  on  the  cast, 
and.  crossing  the  Balaklava  and  Woronzoff  roads.  TTie  only  ground 
on  which  the  approaches  could  bo  carried  on,  was  an  open  plain 
about  2200  yards  broad,  between  two  ravines,  one  leading  to  the 
Quarantine  Bay,  and  the  other  to  the  inner  harbour,  which  forms  the 
eastern  side  of  Sevastopol.  Stretching  across  this  plain,  at  1300 
yards  from  the  outer  line  of  the  ramparts  of  the  place,  the  first 
parallel  was  formed  ;  the  second  parallel  was  scarcely  400  yards  ii 
advance  of  the  firet. 

A  chain  of  batteries  extending  over  a  line  four  miles  in  length    , 
formed  a   sort  of  countervallatioD,  which  was  within   600  yarda 
of  the  ramparts  of  the  town  and  the  fortifications  of  the  intrenched  | 
camp  ;  and  several  of  these  batteries  wero  armed  with  the  heaviest  | 
ordnance. 

The  presence  of  a  Kussian    army  of  observation    in  the  field  J 
rendered  it  necessary  to  foi-m  a  chain  of  redoubts  and  batteries,  fl 
which  constituted  a  line  of  circumvallation  :  these  were  nearly  fbncl 
miles  distant  from  tho  works  of  the  town  ;  and  immediately  beyoi 
them  took  place  the  actions  of  the  25th  of  October  and  the  5th  c 
November,  in  which  British  gallantry  was  brilliantly  dieplayi 
though  under  very  unfavourable  circumstances. 

The  task  assigned  to  the  besieging  army  was  precisely  thi 
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attacking  a  Btrongly-intrenched  camp  in  connection  with  a  powerfu 
fortr.ess,  open  to  receive  supplies  to  an  unlimited  amotmt.  The 
allied  army  was  in  fact,  situated  between  two  forces,  each  apparently 
as  numerous  as  itself;  and  it  had  to  contend  with  the  most  serioiu 
difficulties,  from  the  nature  of  the  ground  scarcely  admitting  oj 
trenches  being  dug  in  it :  its  works  were  incessantly  exposed  to  ihe 
fire  of  a  powerful  artillery  in  the  massive  casemated  towers  of  the 
place,  and  to  the  numerous  batteries  established  on  the  newly-con- 
structed lines  by  which  these  points  of  defence  were  covered  and 
connected,  and  harassed  continually  by  the  powerful  army  in  ite 
rear ;  while  the  brunt  of  action  had  to  be  borne  by  the  French  and 
English  troops,  who  could  place  little  dependence  on  their  Turkish 
allies.  After  two  months  of  open  trenches,  the  besiegers  had  not 
even  arrived  within  the  distance  at  which  a  practicable  breach  could 
be  made  in  the  works  of  the  place. 

We  are  taught  by  a  high  authority,'  and  the  precept  was  fnlly 
illustrated  by  what  took  place  before  Sevastopol,  that  ihe  most 
effectual  mode  of  retarding  the  operations  of  a  siege,  as  well  as  of 
rendering  them  difficult  and  sanguinary  for  the  besieging  army,  is 
to  have  the  place  so  strongly  garrisoned  that  the  defenders  may  be 
able  to  make  frequent  sorties  (retours  offensifs),  and  to  be,  moreover, 
in  immediate  connection  or  to  have  secure  communications  "with 
a  strongly-intrenched  camp.  This  was  precisely  the  state  of  Sevas- 
topol, which  served  as  a  grand  tete  to  the  northern  position  with  its 
citadel  and  other  numerous  works ;  the  whole  being  open  towards 
the  rear,  by  which  reinforcements  and  supplies  to  any  amount  could 
arrive  along  the  great  road  from  Perekop. 

Very  different  was  the  condition  of  the  Eussians  at  Sevastopol 
from  that  of  the  Austrian  army  at  Ulm,  in  1805 :  that  city  being  in 
a  position  which  admitted  of  being  surrounded  by  the  French,  and 
jGw  distant  from  the  army  which  should  have  supported  it,  was 
compelled  to  surrender.  Rather  may  their  circumstances  be 
compared  to  those  of  the  Austrians  at  Olmiitz,  in  1758,  when  that 
city  was  besieged  by  the  army  of  Frederick  II.  On  that  occasion 
General  Theirheim  connected  the  detached  forts  about  the  place  by 
works  of  earth,  so  as  to  convert  the  city  into  a  strongly-retrenched 
camp,  by  which  the  place  was  enabled  to  hold  out  till  the  king  was 
obliged  to  retire  from  it.**  The  state  of  the  allies  before  Sevastopol 
was  nearly  similar  to  that  of  Napoleon  I.  when,  in  1796,  he  besieged 
Mantua.  That  great  general,  finding  himself  in  danger  of  being 
immediately  surroimded  by  the  two  armies  which  were  advancing 
to  relievo  the  place,  did  not  hesitate  to  raise  the  siege,  abandoning 
even  his  siege  artillery.     He  threw  his  whole  force  on  each  of  the 

*  Bousmard,  *  Des  Camps  Retranches  sous  Ics  Places/  chap.  vii.  p.  224. 
*•  Jomini,  ch.  x. 
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Austrian  armies  in  succession,  and,  in  dcfeatiiig  thom,  ha  struck 
the  deoifiiye  blow  wliicli  rendered  hiio  luaater  of  the  north  of  Italy.' 
Active  operations  against  the  intrenched  position  on  the  southern 
heights  of  Sevastopol  having  been  eusponded,  iho  safety  of  tha 
allied  army  through  the  winter  became  a  matter  of  painful  interest. 
•After  an  unopposed  landing,  most  skilfully  and  gallantly  conducted 
by  Eear-Admiral  Sli-  Edmund  Lyons,  under  the  orders  of  the  Viee- 
Admiral  Commanding  in  Chief,  in  the  manner  practifed  at  Aboukir 
in  1802  (Art.  357  et  seq.),  and  a  series  of  brilliant  exploits  in  the  field, 
in  a  few  short  weeks  the  allied  army,  disappointed  in  its  expectations 
of  speedy  and  complete  success,  found  itself  shut  up  and  besieged  in 
a  o!i!.-Je-sao  in  the  remotest  comer  of  Europe  ;  while  large  portions 
of  the  fleets  had  to  be  employed  thronghoitt  the  winter,  in  a  stormy 
sea  and  at  all  risks,  in  conveying  fo  the  beleaguered  troops 
succours  of  the  first  necessity,  and  in  which  service  many  ships 

No  siege  should  ever  be  undertaken  in  any  seat  of  war  tUl  the 
enemy  in  the  field  shall  have  been  defeated,  and  completely  driven 
back  by  the  covering  army  of  the  beaiegeiB,  so  that  the  operations 
of  the  siege  may  be  carried  on  undisturbedly.  This  might  have 
been  done  by  the  allies,  had  the  descent  on  the  Crimea  been  made 
at  an  earlier  season,  with  a  force  iai^r  and  better  provided  with 
the  means  of  more  effectually  carrying  out  the  object  of  the  expedi- 
tion. An  army  of  70,000  men,  of  such  troops  as  those  of  the  allies 
proved  themselves  to  be,  might,  as  the  Ihike  of  Wellington 
said  of  hiu  army  in  Spain,  "  have  gone  anywhere  and  done 
ftriything." 

In  reviewing  the  operations  in  the  Crimea,  at  this  distance  of 
time  (1860),  the  author  cannot  concur  in  the  assertion,  so  often 
mads,  that  the  British  military  system  was  so  badly  adapted  to  real 
service  that  it  broke  down  before  Sevastopol.     The  British  militaiy 
system,  which,  during  the  Peninsular  war,  bad  been  brought  to  the 
highest  state  of  proficiency  in  the  field,  had  been  almost  annihilated 
long  previously  to  the  Crimean  war,  as  stated  in  pages  606,  607, 
and  608,  of  this  Appendix.    Its  destruction  commenced  immediately 
after  the  termination  of  the  great  war,  and  continued  during  the 
whole  of  the  ensuing  peace  for  forty  years ;  all  the  estahlishmentB 
which  had  been  created  and  brought  to  perfection  had  been  either 
rendered  useless  or  broken  up,  and  there  remained  nothing  of 
militaiy  system  of  England  of  former  times  but  that  relating  to    ' 
regiments;  and  we  entered  into  the  late  war  totally  unprovided  ] 
with  the  means  by  which  only  the  oi^anization  of  an  anny  for  J 
service  in  the  field  can  be  called  systematic.     This  was  the  true  j 
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cause  of  the  sufferings  and  disasters  wbicli  the  British  troop 
endured.  Nor  was  the  termination  of  the  operations  in  the  Crime 
altogether  satisfactory,  nor  the  military  operation  in  reality  con 
pleted.  -  Sevastopol  was  never  taken,  strictly  speaking :  the  allie 
army  never  gained  military  possession  of  the  place,  nor  the  allie 
fleets  possession  of  the  harbour.  The  key  of  the  intrenched  positio 
on  the  south  side  having  been  carried  by  assault,  the  Bussiai] 
abandoned  that  side,  and  retired  in  excellent  order  across  a  bridge 
admirably  constructed,  skilfully  made,  and  most  expertly  withdraw! 
when  the  passage  was  effected  to  the  North  Fort — to  capture  whid 
a  real  siege  was  required.  A  suspension  of  arms,  proposed  by  th 
allies,  thereupon  took  place,  followed  by  a  sudden  peac^ ;  and  th 
allied  forces  evacuated  the  Crimea  without  having  obtained  res 
military  and  naval  possession  of  the  place,  and  left  the  Eussian  fla; 
flying  on  the  citadel  and  key  of  Sevastopol.  True,  the  fleet  lia 
been  destroyed  by  the  enemy  himself,  and  the  arsenal  by  the  allies 
but  the  operation  was  never  completed  in  a  real  military  sense,  a 
history  will  hereafter  assert  it  should  have  been,  and  which  th 
author  still  thinks  it  might  have  been,  by  commencing  operations  o: 
the  north  side. 
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BRITISH   ABTILLEBT. 
Organisation  of  the  Bi-itish  Royal  AHSlery  (1860). 

The  lloyal  Artillery  of  the  British  Army  is  a  forco  of  about 
27,000  men,  distributed  throughout  the  British  Empire. 

Of  this  forco  about  16,500  are  serving  at  Home  Stations,  aboiit 
G200  in  India,  and  the  remainder  in  the  Colonies. 

The   Royal   Regiment  of  Artillery  is   at  present  organized   in  __ 
brigades  of  Field  Artillery,  and  of  Garrison   or  Siege  Artillery, 
There  is  also  a  brigade  for  Coast  ^enco,  and  a  Depot  Brigade. 

The  Field  Artillery  comprises  1  Brigade  of  Horse  Artillery,  con- 
siating  of  10  batteries,  and  6  brigades  of  Field  Artillery,  consisting 
of  50  batteries. 

Of  these  60  batteries,  30  are  serving  at  Home  Stations,  24  arc 
in  India,  and  C  in  China. 

The  Qarrison  Artery  consiflte  of  9  brigades  or  70  batteries,  of 
which  40  are  serving  at  Homo,  and  30  in  the  Colonies. 

The  Coast  Brigade  consists  of  8  batteries,  and,  as  its  name  implies, 
is  dispersed  on  the  coast  of  the  United  Kingdom. 

The  De^jSt  Brigade  consists  of  10  batteries,  and  serves  as  the 
receplaolo  for  the  recruits  enlisted  for  the  general  service  of  the 
Artillery,  and  is  the  source  from  which  the  brigades  on  Jforeign 
Service  are  supplied. 

Two  of  ita  batteries  are  organized  as  Field  Artillory  for  the 
instruction  of  recruit  drivers,  and  the  remainder  as  Garrison  Bat- 
teries. 

The  DcpOt  Brigade  also  includes  the  majority  of  the  non-offectives 
of  the  regiment. 

Gunners  and  Drivers. — Early  in  18.")8  the  system,  which  had 
hitherto  obtained,  of  combining  the  duties  of  gunner  and  driver  in 
a  single  individual,  was  exchanged  for  one  which  separated  those 
duties.  Tho  drivers  of  the  Royal  Ailillery  are  therefore  distinct 
from  the  gunners.  These  drivers  are  iostnicted  in  the  ordinary 
duties  of  gunners,  and  the  gunners  of  a  field  battory  are  also  so  | 
instructed  as  to  perform  on  an  emeigeocy  all  the  duties  of  drivers. 
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The  establisliment  of  a  battery  of  field  artiUeiy  differs  &oni 
of  a  battery  of  garrison  artillery  in  the  addition  of  the  neces 
drivers  and  artificers  (including  the  ferrier,  shoeing-smiths,  oo 
makers,  and  wheelers).  Thus  any  of  the  brigades  of  Garr 
Artillery  on  Home  Service  could  at  the  shortest  notice  be 
verted  into  field  brigades  by  drafting  drivers  and  artificers  i 
the  Depot  Brigade  at  Woolwich. 

Thus  a  battery  of  garrison  artillery  consists  of  117  Non-< 
missioned  officers  and  men  (gunners),  while  a  battery  of  : 
artillery  consists  of: — 

117  Non-commissioned  officers  and  men  (gunners). 
85  Non-commissioned  officers  and  men  (drivers). 
12  Non-commissioned  officers  and  men  (artificers). 


214  Non-commissioned  officers  and  men. 
104  Horses  for  peace  establishment. 
210  Horses  for  war  establishment. 

The  establishment  of  officers  is  the  same  in  each  case,  vis 
battery  officers. 

Materiel. — Each  battery  of  fi^  artillery  is  composed  of  6  pic 
viz.,  4  9-pounder  guns  of  13  cwt.,  and  2  24-pounder  howitzei 
nearly  the  same  weight. 

The  carriages  which  accompany  a  battery  of  field  artillery 
active  service  comprise  6  ammunition-waggons  for  the  guns,  ar 
ammunition-waggons  for  the  howitzers,  a  rocket-carriage,  a  s] 
gun-carriage,  a  store  limber-waggon,  a  forge,  2  forage-waggor 
water-carts,  a  store-cart,  and  a  medicine-cart.  Making  a  tota 
28  carriages,  necessitating  210  horses.  The  whole  imder  the  c 
mand  of  a  captain. 

Ammunition. — Each  battery  of  field  artillery  carries  into  the  i 
176  rounds  of  ammunition  for  each  gun,  and  174  rounds  for  < 
howitzer,  together  with  100  rockets  (12-pounders). 

The  batteries'  of  the  Eoyal  Horse  ArtUUry  are  equipped  with  1 
6-pounders  of  6  cwt.,  and  12-pounder  howitzers  of  the  same  wei] 
With  these  guns  the  Horse  Artillery  are  eiiabled  to  accomp 
Cavalry  in  their  most  rapid  movements. 

The  force  of  field  artillery  in  the  United  Kingdom  is,  therei 
180  guns,  fully  equipped  in  every  particular,  and  ready  for  im 
diate  service. 

The  same  number  of  guns  are  now  attached  to  the  Eoyal  Artil 
in  India  and  in  China. 

Note. — It  has  been  deemed  advisable  to  make  no  mention  in  tlie  text  of  the  Arms 
rifled  field-gun  of  8  cwt.,  which  has  been  very  recently  introduced  into  the  service.  I 
course  of  the  present  summer  (18G0)  the  whole  of  the  batteries  of  field  artillery  on  \ 
service  will  be  equipped  with  the  new  rifled  gun.  Two  of  the  batteries  now  in  Chin 
aliieady  so  equipped,  as  are  four  of  the  batteries  at  present  in  the  United  Kingdom. 
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Detail  of  th»  Roj/dl  Horn  ArtHlmy  Brigade."  — Beadquarttrs,  WoolumA. 
E8TABLI8UHEHT. 
Staff. — 1  SeTJeant-major ;  1  Quartermafiter  Seijeaut;  1  Trumpet 
Major;  1  Orderly-Eoom  Seijeant ;  1  Paymaster  Seijoant;  1  Hos- 
pital Seijeant ;  1  Armourer  Serjeant;  1  Drill  Seijeant;  24  Troop 
Serjeants  ;  1  Farrier ;  1  Collarmaker ;- 1  Wheeler. 

TVoops. — 96  Seijeaute;   70   Corporak;    100  Bombardiers;   XOIO 
GntmerB;  975  Drivers;  11  Trompeters;  11  Farriers;  72  Shoeing- 
Bmiths ;  33  Collarmakeis ;  33  Wheelers. 
Toted.— Hon  2443.     Horses  1190. 

Dbx&il  of  a  9-poimder  Field  Battoiy,  Royal  Artillery,  for  ao  EstabUiihineat 
of  SU  Gnus. 
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Officers. — 1  GaptEun ;  1  Second  Captain ;  3  Lieutenants ;  1  AssiBt- 
mt^Snrgeon. 


>  Divided  into  10  trooini,  vhicb  in  Uaj,  I860,  were  dispond  at  fbllowi :— Wo«lwii^ 
2  troop*  and  depSt ;  Aldeishot,  1 ;  Norwicb,  t ;  Iraiand,  2 ;  lodia,  4. 
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Nm-Commutioned  Officers  and  JUen. — 2  Staff-Serjeants ;  6  Serjeant 
6  Corporals ;    9  Bombardiors ;  100  OoimerB ,-   76  Drivers  ;    2  Tmi 


Artificers. — 1    Farrier;     6    Shooiag-eiuiths ; 
Wheelere. 
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Officers. — 1  Captain ;  1  Second  Captain ; 
ant-Surgeon. 

Non-Commissumal  Officers  and  Mm. — 2  Staff-Serjeanta ;  8  Serjeant 
6  Corporals ;  9  BombardieiB  ;  80  Gnnners ;  70  DriTers ;  1  Tnu 
peter. 

Artificers. — 1  Farrier;  6  Shoeing-smitJiB ;  3  Collarmakers ; 
Wheelerti. 
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DBTAiLofafi-pomider  Battery,  Royal  Horn  Artillery,  for 
of  Six  QunB. 

BO  EBtablishment 

1 

Equip^^t 

... 

,™.. 

1  1  *"ir 

•s 

1 

J 

1 
2 

^   1 

^   '   2 

t 

1 

1 

J 

1 

t 

2 

^-pouodar  Ouna   ..      .. 
2^poiuideT  Howitzers 

40 

20 

16 

56 
28 

le 
s 
5 

a 
1 

40 
•21} 

7 
7 

32 
10 
36 
S 
« 
4 
4 
2 

a 

4 

12 

72 
36 
16 
8 
« 

7 

19 

40 

7 

12 
5 

i 
2 

1 

1 

\     waggon* / 

j  12  poundtr  Bodcet-car-l 

Stor^imbe^'wa^gon '.', 

! 

1 

HoBpilalCnrt       ..      .. 

Ligbt  Forace-waffgon . . 

iFor  2  Staff-Beijeanta.  1! 

Trumpeter,  1  Farrier, 

1     and  3  Bhocingitmittia  | 

Sporo    Mail,     OfflcDrs' 
{     Serranla  und  Batmon, 
1     and  Spare  ilorapfi    ..| 

t" 

1 

16 

Tolnr  Oarriiigca.     Totnl 

90 

85 

175 

74 

lOe   180  1      74      1  34 

19 

Officers. — 1  Captam;  1  Second  Captain;  3  Llentenante;  1  Asedst- 
ant-  Surgeon. 

Non-Commissioned  Officers  and  Men. — 2  Stoff'Serjeants ;  8  Serjeants ; 
6  Corporale ;    9  Bombardiers ;    90  Oiumera ;    85  Drivers  ;    1  Triun- 


Artijicers.—1    Farrier; 
Wheelers. 


Shoeing-smitha  ;    3    GoUarmakers ;    3 


FRENCH  AKTILLEBS. 
Organisation  of  the  French  Artaiery  (1860). 

On  the  20th  Febmary,  1860,  the  Emperor  of  the  French  isBned  a 
decree  which  entirely  changed  the  organisation  of  the  French  Artil- 
tillery.     The  following  is  the  present  organisation  of  that  Force : — 

The  Depftt  Staff  of  the  hitherto  existing  17  Regiments  has  been 
abolished,  as  well  as  the  30  Batteries  which  formed  the  "park," 
and  the  four  companies  of  gmmer-driTers  which  were  attached  k> 
the  first  6  Regiments  of  Artillery. 

Twenty  new  Batteries  of  Foot  Artillery  were  authorised,  and  are 
©qnally  distributed  between  the  first  5  Ri^ments  of  the  Artillery. 
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The  105  Batteries  of  Field  Artillery  which  had  hitherto 
dispersed  among  the  7th,  8th,  9th,  10th,  11th,  12th,  and  13th  1 
ments,  are  by  the  new  system  reduced  to  100,  which  are  orgai 
in  10  Eegiments  of  Field  Artillery.  This  necessitated  the  add 
of  3  Begiments  to  those  (7th  to  13th)  which  had  previously  incl 
the  Batteries  of  Field  Artillery.  These  Eegiments  are  niunl 
14,  15,  and  16. 

Four  Eegiments  of  Horse  Artillery  (17,  18,  19,  and  20)  are 
retained. 

An  Artillery  Train  is  re-established.  It  consists  of  6  squad 
each  squadron  composed  of  a  Staff,  a  section  of  non-combatants, 
5  companies.  There  is  also  in  addition  a  headquarter  Eegii 
Staff. 

The  foregoing  constitute  the  Artillery  of  the  Line. 

The  Artillery  of  the  Guard  is  of  a  distinct  establishment. 

The  2  cadres  de  dep6ts  which  have  hitherto  existed  have  ' 
suppressed. 

In  the  guard  there  is  one  Battery  of  Foot  Artillery,  and  a  < 
pany  of  Bridgemen  (ouvriers-pontonniers)  under  the  command 
chef  d'escadron  and  a  special  staff. 

The  hitherto  existing  Eegiment  of  Foot  Artillery  has  beei 
organized  as  a  Eegiment  of  Field  Artillery  consisting  of  8  Batte 
Of  these  8  Batteries  2  are  newly  raised^  and  the  remaining  6 
formed  by  the  attaching  to  the  existing  Batteries  of  Foot,  the 
teries  hitherto  composing  the  '*  park." 

Attached  to  the  Guard  is  a  squadron  of  the  Artillery  Train,  ui 
the  orders  of  a  chef  d'escradon.  This  squadron  is  composed 
companies,  each  of  a  distinct  establishment. 

By  the  recent  arrangements,  each  of  the  Batteries  or  Compa 
of  the  several  branches  of  the  Artillery  Service  has  a  fixed  i 
(cadre).  The  only  alteration  in  this  particular  consequent  on  i 
would  be  the  addition  of  one  Lieutenant  to  each  Battery. 

The  companies  of  the  Train  (both  with  the  Line  and  with 
Guard)  may  be  *'  dedoubl^.*'     This  is  to  be  done  by  adding 
extra  lieutenant  to  the  officers,  and  then  dividing  the  officers 
two  subdivisions ;  each  subdivision  to  be  completed  in  rank 
file  equal  to  the  original  division.     Of  the  officers,  the  senior  i 
Captain)  and  the  second  senior  Lieutenant  are  attached  to  the 
subdivision,  and  the  senior  Lieutenant  and  the  junior  subaltern  1 
the  second. 

In  time  of  war  a  dep6t  and  staff  may  be  established  for  the  sev 
Eegiments  of  Artillery  and  squadrons  of  the  Artillery  Train. 

It  is  intended  that  the  six  squadrons  of  the  Artillery  Train  s 
be  stationed  in  the  same  garrisons  with  the  first  six  Eegiment 
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Foot  Artillery,  and  shall  nndei^o  all  the  instmctioD  necessary  for 
the  management  of  horses. 

In  time  of  war  the  Eegiments  of  Foot  Artillery  comhined  with 
the  squadrons  of  the  Train  will  compose  mixed  Batteries,  on  which 
will  devolve  the  management  of  mountain  Batteries  and  of  rockets, 
as  also  of  part  of  the  reserve  Batteries. 

The  following  gives  m  a  tabular  form  the  present  strength  of 
each  of  the  French  Eegiments  of  Artillery. 

Line. 

Ist  Foot  Artillery  16  Batteries 

2nd  do.  16  do. 

3rd  do.  16  do. 

4th  do.  16  do. 

5th  do.  16  do. 

6th  Bridgemen  12  do. 

7th  FieldArtiUery  10  do.  60  Guns. 

8th  do.  10  do.  60  do. 

9th  do.  10  do.  60  do. 

10th  do.  10  do.  60  do. 

11th  do.  10  do.  60  do. 

12tli  do.  10  do.  60  do. 

13th  do.  10  do.  60  do. 

14th  do.  10  do.  60  do. 

15th  do.  10  do.  60  do. 

16th  do.  10  do.  60  do. 

17th  Horse  Artillery  8  do.  48  do. 

18th  do.  8  do.  48  do 

19th  do.  8  do.  48  do. 

20tli  do.  8  do.  48  do. 
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with  an  Artillery  Train  of  six  squadrons  corresponding  to  the  first 
6  Regiments  of  Artillery.  Each  squadron  being  composed  of  5 
Companies  of  efiectives  in  addition  to  the  Squadron  StaflF  and  super- 
numeraries and  Begimental  Staff. 

Guard, — 1  Regiment  of  Field  Artillery,  consisting  of  8  Batteries 
with  48  Guns ;  1  Regiment  of  Horse  Artillery,  consisting  of  6  Bat- 
teries with  24  Guns ;  with  a  squadron  of  Artillery  Train — making  a 
total  of  864  Guns.   . 

Personnel. — The  general  duties  of  the  Artillery  Service  are  carried 
on  by  a  **  general  '*  staff.  This  general  staff  comprises  the  follow- 
ing officers : — 32  Colonels  ;  38  Lieut.-Colonels  ;  84  Chefs  d'esca- 
dron ;  215  Captains. 

There  is  also  a  staff  of  **  Employes  Militaires"  (including  Gardes, 
Artificiers,  Ouvriers  d'etat,  and  Gardiens  de  Batteries)  to  the  num- 
ber of  862,  and  a  staff  of  147  "  Employes  Civils,"  including  the 
superintendents  of  the  foundries  and  officers  charged  with  the  manu- 
facture and  issue  of  Arms. 

.     In  addition  to  the  foregoing,  each  Regiment,  both  of  the  Line 
and  of  the  Guard,  has  an  organisation  as  follows : — 
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1st.  A  Begimental  Staff  consistiiig  of  all  Officers  other  than  < 
pany  Officers,  and  inclnding — 1  Colonel ;  I  Lieut.'Colonel ;  8  ( 
d'escadrons  ;  1  Major ;  1  Biding-Master ;  1  Adjutant ;  1  Paymai 
1  Assistant-Paymaster ;  3  Medical  Officers ;  1  Veterinary  Surg 

1  Band-Master;    3  Staff  Serjeants;    5  Artificers;    21  Mnsid 

2  Trumpeters. 

2nd.  A  *'  Peloton  hors  rang,"  or  detachment  of  non-combat 
including  Armourers,  Clerks,  Tailors,  Bootmakers,  Farrielre,  &< 
the  number  of  about  67  to  each  Begiment 

3rd.  A  Battery  of  Artillery  of  a  fixed  establishment. 

The  following  are  the  establishments  of  the  various  Batteries, 
of  the  Begiments  of  French  Artillery : — 


Field  Artillery  Battery  . . 

Horee  Artillery  Battery . . 

Artillery  Train  Company 

Ditto  Dedoubld  ..      .. 


OlficerB. 


Line : — 
Foot  Artillery  Battery 


ArtiUery  of  the  Chmrd : — 

Foot  Battery 

Field  Battery 

Horse  Artillery 
Artillery  Train  (Squadron) 
Ditto  Dedoubl6  ..      .. 


Peace. 


Non  Com. 

Officers 

and  Men. 


100 


Horses. 


135 

4  135 

3  68 

1st  division 
2nd    do. 


do. 


do. 

4 
4 
4 

10 

120 
156 
160 
200 

• 

•  • 

War. 


OflSoers. 


65 

106 
43 


6 
104 
160 
162 


Non-Cam. 

OflSoers 

and  Men. 


4  200 

when    employed 
sieges,  &c. 
4  I      100    I 
if  a  battery  of  res 
of  12-pounderE 
4  I        90    I 
if  attached  to  a  m 
tain  battery. 


5 

234 

or  5 

198 

5 

204 

3 

180 

2 

178 

2 

178 

when  with  the  A 
lery  park. 
2  I        144  I 
reserve  battery 
pounder). 
2  I        104  I 
mountain  (4-pouD 
or  rocket  batte: 


4 

150 

5 

198 

5 

204 

10 

360 

12 
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The  Fr^noli  Artillery  theTelbre  ooiusiBts  of 


Peace. 

War. 

• 

Officers. 

Non-Gom. 

Offloers- 

andMeiL 

Hones. 

• 

Offloers. 

NoD-Com. 

Officers 

and  Men. 

Horses. 

Line  .. 

Imperial  ^ 
Guard/ 

Artillery 
Train 

r20  Regiments  . . 
12  Companies  of  Ax-] 

tificers f 

2  Companies  of  Ar-  1 

monrers                ..j 
f  1  Division  of  Foot  . .  \ 
[2  Regiments    ..      ../ 

Line  6  Squadrons  . .  • 

1330 
56 

108 

144 

10 

28,653 
1040 

2657 

2250 
200 

11,668 

•  • 

1967 

1392 
162 

1462 
.56 

122 

144 
10 

45,215 
1400 

3389 

5610 
360 

28,512 
140 

3133 

8568 
571 

TotAl 

1648 

34,800 

15,189   1794 

55.974  |40,924 

The  above  is  exclusive  of  Headquarter  Staff  and  Veterans. 

The  12-potinder  (canon  obusier)  which  formed  the  great  feature 
in  the  syst^me  de  I'Empereur,  was  done  away  with  previous  to  the 
late  Italian  war.  During  that  campdgn,  all  the  batteries  attached 
to  the  divisions  had  4-pounder  rifled  guns.  The  batteries  of  reserve 
retaining  the  12-pounder  howitzer-guns,  but  only  because  a  suffi- 
cient number  of  the  4-pounder  rifled  guns  and  ammunition  for  them 
were  not  rifled.  Some  12-pounder  rifled  guns  were  attached  to  the 
army,  but  considered  only  as  siege  guns. 

The  Gun. 

Inches. 

Length  of  Base  Ring         1.97 

Do.        Ist  Reinforce 15.55 

Do.        2nd  Reinforce 12.01 

Do.        Chase        21.85 

Do.        SwcU  of  the  muzzle  and  face  of  Piece         5 .  12 

Total  length  from  Base  Ring  to  face  of  Piece  56.50 


N.B.  Eear  of  gun  to  centre  of  button  3*9  (French  measure). 
Length  of  muzzle  mouldings  '7  ;  neck  ring  '4 ;  as  these  are  given  in 
French  measure  only,  and  not  in  English,  they  are  not  included  in 
the  above  length  of  Piece. 

Inches. 

Length  of  Trunnions 3;lo 

Diameter  of  do.  • 3 .  14 

Diameter  of  Base  Ring      9 .65 

Do.  Neck  Ring 6.69 

Six  semicircular  grooves  '630  in.  diameter  at  bore ;  pitch  59  in. 
(1*50  m.  French  measure),  or  about  very  nearly  one  revolution  in 
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the   bore.     In  French   measure,  length  of  bore   1*59  in. ;    ] 
1-50  m. 

TheSheU. 

IncliAa. 


LengiQi  of  cylindrical  part        8.11 

uo.    ogt\ 
Total  length        .." 5.5 


riyaltop 3.39 


The  base  rounded  off. 

Indies. 
Diameter  of  cylindrical  part 3.35 

Do.        chamber        2.40 

Thickness  of  shell  at  cylindrical  part     . .     .  ^        .47 

Length  of  fnzo-hole 98 

Diameter  of  face  of  shell 1.41 

Do.       faze-hole        63 

Thickness  of  shell  at  face         39 

Six  buttons  placed  in  two  rows  of  3  each.  The  centre  of  the  I 
ones  being  i  of  the  length  of  the  cylindrical  part  of  shell  or  •? 
from  the  base,  and  the  centre  of  the  top  row  being  {  of  the  le 
of  the  cylindrical  pcu-t  on  2*33  in.  frx)m  the  base  of  shot. 

But  this  expedient  did  not  always  answer,  and  could  not  be  r 
upon.  The  buttons  came  off,  or  were  stripped  off,  and  the  i 
were  far  from  being  perfect.  Both  these  questions  are  under  o 
deration,  and  there  is  now  tmder  trial  a  gun  loading  at  the  bn 
but  the  result  has  not  been  disclosed. 
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AKMAMENT  OF  THE  BRITISH  NAVY. 

SCREW  STEAM-SHIPS. 

First  Bates.    "  Victoria'*  Ctaw.— 1000  H.-P. 

Lower  Deck  32    S-in.  guns,    65  cwt.,  9  feet 

Middle  Deck 80    S^in.  guns,    65  cwt.,  9  feet 

Main  Deck 32  32-prs.  58  or  56  cwt.,  9  ft  6  in. 

UDDer  Deck  i^^  ^^'P"'  ^^  cwt..  8  feet 

upper  i^ecK  -j  j  eS-pr.  pivot.   95  cwt..  10  feet 

121  gang.    Total  complement.  1150  men. 

First  Bates,     "  Duke  of  WeUington*'  Class,— 700  H.-P. 

T^«r^*  Tk^^ir  JlO    ^^'  g'M^*     65  cwt.,  9  feet 

ix)wer  i^ecK  ^26  32.pr8.  58  or  56  cwt.,  9  ft  6  in. 

ii/r:^^i^  n««w  i  ^    8-m.  guns,     65  cwt.,  9  feet. 

Middle  Deck ^^  ^^^^f  gg  ^^  ^g  ^^^  9  ft  6  in. 

Main  Deck 88  32-pr8.  42  cwt.,  8  feet 

TT^^«   Tk««v  /20  82-pr8.  25  cwt.,  6  feet. 

Upper  Deck  |  ^  68  pr.  pivot,   95  cwt.,  10  feet. 

131  guns.    Total  complement,  1120  men. 

First  Bates.    "  Boyal  AlbeH  "  Class,— 500  H.-P. 

Lower  Deck   32    8-in.  gmis,  65  cwt.,  9  feet 

Middle  Deck 32  32-pr8.  58  or  56  cwt,  9  ft  6  in. 

Main  Deck 82  82-pr8.  42  cwt,  8  feet 

TT««^,  T»^t  i24  82-pr8.  42  cwt.,  8  feet, 

upper  uecJc  |  ^  68-pr.  pivot,  95  cwt.,  10  feet 

121  guns.    Total  complement,  1070  men. 

Note. — ^The  supply  of  shells  is  only  limited  by  the  size  of  the  shell-rooms,  provided 
that  the  whole  supply  of  both  shot  and  shell  does  not  exceed  180  rounds  for  each  pivot- 
guD.  and  80  rounds  for  each  broadside-^un,  except  in  the  case  of  10-inch  broadside-guns, 
which  have  a  total  supply  of  100  shot  and  shell.  20  per  cent,  of  the  number  of  shells 
supplied  are  Diaphragm  Shrapnel. 

The  usual  proportions  of  shot  and  shell  are  as  follows : — 

Shot.  Shell. 

For  all  bow  and  stem  pivot-guns 120     60 

For  all  10-inch  broadside-guns 60     40 

For  8-inch  broadside-guns, — 

1st  six    40     40 

2Bdsix  60     20 

Remaining  number    70     10 

32-pr.  guns    70     10 
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Screw  Steam-Ships— 0(m*mu«f. 

Armament  fob  Boats. 

„     .         /24-pr.  12  J  cwt.,  2  in  number. 
Howitzers^ J o.pr.    6 J  cwt.,  2 
Guns 6'pr.     6    cwt.,  1 


Brass  Ordnance 


>t 


Second  Bates.    "  Conqueror'*  Class.— SOO  H.-P. 

Lower  Deck  36    S-in.  guns,    65  cwt.,  9  feet. 

Main  Deck 36  32-pr8.  58  or  56  cwt.,  9  ft.  6  in. 

,-         T^    u  i28  32-pr8.  42  cwt..  8  feet. 

Upper  Deck  |  ^  68-pr.  pivot.  95  cwt,  10  feet. 

101  guns.    Total  complement,  950  men. 

Second  Boies,    "  Benown  "  CioM.— 800  E.-P. 

Lower  Deck  34    S-in.  guns,  65  cwt.,  9  feet 

Main  Deck 36  32-prs.  58  or  56  cwt,  9  ft.  6  in. 

TT««^,  T^^^r  /20  32-prs.  45  cwt.,  8  ft  9  in. 

Upper  Deck  ^  ^  gg_^^  ^.^^^  ^^  ^^  ^^  ^^^ 

91  gans.    Total  complement,  880  men. 

Second  Bates.    "  Agamemnon  **  CZom.— 600  E.-P. 

Lower  Deck  34    8-in.  guns,  65  cwt.,  9  feet 

Main  Deck 34  32-pre.  58  or  56  cwt.,  9  ft  6  in. 

UDoer  Deck  [ ^^  ^^'P"'  ^^  ^^*'  ^  "•  ^  ^"• 

upper  riecK  j  ^  68-pr.  pivot,  95  cwt,  10  feet 

91  guna    Total  complement,  880  men. 

Second  Bales.    "  Neptune  "  C^om.— 500  E.-P. 

Lower  Deck  32    8-in.  gune^  68  cwt.,  9  feet 

Main  Deck 34  32-pre.  56  cwt,  9  ft.  6  in. 

Unoer  Deck  [  ^  ^^'P"'  '^^  cwt,  8  feet 

upper  i/ecK  ^  g  ^^^^  ^^  ^^^  chocks,  95  cwt,  10  feet. 

90  guns.    Total  complement,  880  men. 

Second  Bales.    "  Princess  Boyal "  Cto««.— 400  E.-P. 

Lower  Deck  32    8-in.  guns,  65  cwt.,  9  feet 

Main  Deck 34  32-pr8.  58  or  56  cwt,  9  ft.  6  in. 

Upper  Deck  i^f  32-prs.  ,        42  cwt.  8  feet 

^^  \  1  68-pr.  pivot,  95  cwt.,  10  feet 

91  guns.    Total  complement,  880  men. 

Second  Bates.    "  Exmouth  "  Class.— ^00  E.-P. 

Lower  Deck   82    8-in.  guns,   65  cwt,  9  feet 

Main  Deck 82  32-prs.  58  or  56  cwt,  9  ft  6  in. 

Upper  Deck  26  32-prs.  42  cwt  *= 

>tal  cor  n. 
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Screw  Steam-Ships — contifwed. 

Sewnd  Bates.    *"  NUe  *'  Class.-^SOO  JS.-P. 

Lower  Deck  i^^    8-m.  guns,   65  cwt.,  9  feet. 

ix)wer  i^ecK  j^^  gg.^^^  5g  ^^^  9  ft.  6  in. 

Main  Der^k  i    ^     ^^'  ^^    ^^  <^^*»  ^  ^^*- 

Main  i^ecjc jgg  32-pr8.  56  cwt.,  9  ft.  6  in. 

Upper  Deck   24  32-pra  42  cwt.,  8  feet. 

90  guns.    Total  complement,  850  men. 

Third  Rate$,    ••  Colosmta  "  Cla«e;— 400  H.-P. 

Lower  Deck  i^^    8-in.  gmis,   65  cwt.,  9  feet. 

i.ower  i^ecK  j^g  gg.^^  gg  ^j.  ^g  ^^^  ^  ^^  g  .^^ 

Mftin  Dflok  i  ^    ^"^"'  S»"^    65  cwt,  9  feet. 

°^^^^  "^'^ 124  32-prs.  50  cwt,  9  feet 

Upper  Deck  24  32-pr8.  42  cwt.,  8  feet 

80  guns.    Total  complement,  770  men. 

Third  Baiea.    "  Blenheim  "  CZom.— 450  H.-P. 

Lower  Deck  28  32-prB.  56  cwt,  9  ft  6  in. 

Main  Deck 26    8-m.  guns,    52  cwt,  8  feet 

Upper  Deck  \  I  68-pr.  pivot  95  cwt.,  10  feet 

^^  \  4  10-m.guns,    85  cwt.,  9  ft.  4  m. 

60  guns.    Total  complement,  615  men. 

Third  Bates.    "  Pembroke  "  Class.^200  H.-P. 

r          T^    1  i24  3^pr8.  56  cwt.,  9  ft  6  in. 

Lower  Deck  j^    8.in.  guns,    65  cwt..  9  feet 

Main  Deck 26  32-pr8.  50  cwt.,  9  feet 

,,         Tk    1.  (2  68-pr.  pivot,  95  cwt,  10  feet 

Upper  Deck   |  ^  ^^V^  ^'  ^  ^^^^  9  ^^  4  j^ 

—  • 

60  guns.    Total  complement  615  men. 


SCREW  STEAM-FRIGATES. 

Fourth  Bates.    "  Emerald  "  Ciow.— 600  H-P. 

Main  Deck 30    8-in.  guns,    65  cwt.,  9  feet 

TT         T^    1  /20  32-pr8.  58  or  56  cwt,  9  ft  6  in. 

Upper  Deck  |  ^  gg.^^  p.^^^  95  ^^^^  ^^  ^^^ 

51  guns.    Total  complement,  570  men. 

Fourth  Bates,    **  Euryatus  "  Cto««.— 400  H.-P. 

iur«;«  Tk^^x.  /  8  8-in.  guns,    65  cwt.,  9  feet 

^^»^  ^^^^ (22  32-prs  58  or  56  cwt,  9  ft  6  in. 

12  8-m.  guns,    65  cwt,  9  feet 

18  32-prs.  45  cwt.,  8  ft  6  in. 

1  68-pr.  pivot,  95  cwt.,  10  feet 

51  guns.    Total  complement,  540  men. 


NAVAL  GUIWERY. 

Screw  Steam-Frigatee — oonMmad. 
Fourth  Bata.    "  JtTerMy  "  Clou.— 1000  S.-F. 

,  UaiaDeck..... 28  Ifr-in.  gnns,   65  cwt,  9  fL  4  in. 

Upper  Dock  IS  68-pr.  pivot,  95  crt.,  10  feet 

40  gaaa.    Total  oomplemeat.  600  men. 

Fourth  Bate*.    "  DorU  "  Clof.    800  H.-P. 

MaaiDeck 20{;;^^^}95  cwt,  10  feet 

Tlnnflr n«±  i^"  *^P"-  58ot56owt,9ft6ii 

upper  iWcK  J  2  68-p».  t^TOt,  95  owt,  10  feet 

32  gnus.    Total  ccmplammt,  467  men. 

Fourth  Batea.    '  Arrogant "  CImr-360  H-P. 

MuoDwk  (1*    S^in-giuu^  65  owt..  9  feet 

"•^"*^ (l4  32-pra.  56  cwt,  9  ft.  6  in. 

12  32-prs.  50  cwL,  9  feet 

10  82-pre.  32  cwt,  6  a  6  in. 

1  68-pts.  95  cwt,  10  feet 

6  32-pni.  32  cwt,  6  ft.  6  in. 

47  gmiB.    Total  complement,  487  men. 
Foarih  Baie$.    "Ariadne"  Claw.— 1000  B.-F. 

MainDeck 24  10-in.  ^ns,    84  cwt. 9  ft  4  in. 

Upper  Deck   2  66-pr.  pivot  OS  cwt,  10  feet 

26giina. 

Fiflh  Sata.    "  TrOmne  "  Clatt.— 300  S.-P. 

MunDeck 20  32-pnt.  56  cwt,  9  ft  G  ia. 

Unner  Deck  1^"  ^^"P"  *^  ""^  *  ^'^t' 

UpperDeck   j  1  lO-L.  pirot.     84  cwt.,  9  ft.  4  in. 

81  gnuB.    Total  oomplement,  350  men. 


SCREW  STEAM-CORVETTES, 

Sixth  Sattt.    'Pearl"  Clau.—iOO  S.-P. 

UmerDeck  /^    8-™.  gnna,   60  owt.  8  ft  10  in. 

Upper  Ueck   j   1  68-pr.  pivot  95  cwt.  10  feet 

21  g:nnB.    Total  oomplement  270  men 

Sinth  Bata.     •■  Highflyer  "  Claa.— 250  S.-P. 

Vnnet  Deck  /^     ^''''  P""^       ^^  "''"  ^  ''«^'- 

Upper  l»eck   j  j  10-in.  pifot,     84  cwt.,  9  ft.  4  in. 

21  gnoB.    Total  oomplement  250  men. 
loru  "  and  "  Diadi'm  "  to  carry  on  main  dnk  VhhAj  lO-inch,  84  cwt,  9 
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Screw  Steam-Ooirettes— oon^ti^. 

SixOi  Bates,    •*  Cossack  "  CZa««.--250  JJ.-P. 

UnnerDeok  P^    8-iii.  guns,   60  cwt.,  8  ft.  10  in. 

upper  iJecfc  |  ^  ^^^^  pj^^^  ^5  ^^  ^  ^^  ^^^^ 

20  guns.    Total  complement,  270  men. 

Sixth  Hates,    "  MaLaoca  "  CloM  —200  H.-P. 

Main  Deck 16  32-pr8.  40  cwt.,  7  ft.  6  in. 

Quarter  Deck 1  10-in.  guns,   84  cwt.,  9  ft.  4  in. 

17  guns.    Total  complement,  210  men. 
Sixth  Bates.    *'-  Encounter  "  CZom.— 360  ff.-P. 
Main  Deck 


12  32-pr8.  40  cwt.,  7  ft.  6  in. 

1  10-m.  pivot,     84  cwt.,  9  ft.  4  in. 
1  68-pr.  pivot,    95  cwt.,  10  feet. 


14  guns.    Total  complement,  180  men. 


MORTAR-FRIGATES. 
Sixth  Bates,    "  Eurotas  "  Ctow. -200  H.-P. 

M-  Deck {  i  '^f^'"'^  l^'e^^.-g  feet.      " 

Upper  Deck   2  68-pr.  pivot,      95  cwt.,  10  feet 

12  guns.    Total  complement,  200  men. 


FLOATING-BATTERIES. 

Sixth  Bates.    "  Mtna"  Class,— 200  H.-P. 
Main  Deck 16  68-prs.  95  cwt,  10  feet. 

16  guns.    Total  complement,  210  men. 


SCREW  STEAM-SLOOPS. 
*' Carmleon'"  CZow.  — 200  H.-P. 

•w«;«  T»^v  i  1^  32-prs.  32  cwt.,  6  ft.  6  in.  (on  rear  chock 

mam  i^ecK j  j  ^^^^  ^.^^^  gg  ^^^^  9  ft.  6  in.  [carriages). 

17  guns.    Total  complement,  70  men. 

*' Harrier''  CZom.— 100  H.-P. 

Main  Deck (^?  ^2-prs.  .        32  cwt.,  6  ft  6  in. 

ii«»uA  x^^j^iK  ^  2  33-pr.  pivot,  56  cwt,  9  ft.  6  m. 

17  gun&    Total  complement,  70  men. 
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Screw  Stoam-81oq>8 — oontimied, 
-  Corddia  "  CUus.-— ISO  H.-P, 

TT         T^    u  /lO  32-pr8.  25  cwt.  6  feet. 

•  ^PP«'  ^^^  \  1  32.pr.  pivot,  58  cwt.,  9  ft.  6  in. 

11  guns.    Total  complement,  125  men. 

-flftiHiaow?"  CZew.— 60  H,-P. 

TT         r\    u  (8  32-pr8  25  cwt.,  6  feet 

Upper  Deck  |  ^  32-pr.pivol,  56  cwt..  9  ft  6  in, 

9  guns.    Total  complement,  100  men. 

** Desperate**  Claas,— 400  H.-P. 

TT         Tk^u  /  6    8-in.  guns,  52  cwt.,  8  feet 

Upper  Deck  |  ^  68-pr.  pivot,  95  cwt,  10  feet 

7  gans.    Total  complement,  165  men. 

**Flumper"  Class.— 60  H.-P. 

^  .    T\    ^,             *   /  2  32-pr8.  56  cwt.,  9  ft.  6  in. 

^***^  ^®^* \10  32-pr.  carronades,  17  cwt,  4  feet 

12  gong.    Total  complement,  100  men. 

m 

"  Roebuck  "  CZow.— 350  H.-P. 

Main  Deck i  I  t^'P^'  Pj^^^  ?J  ^3*-  i^/^** 

I  4  32-pr.  pivot,  25  cwt.,  6  feet 

6  gmis.    Total  complement,  110  men. 

«  Wanderer"  CZom.— 200  ^.-P. 

«  .    T\    I  (2  68-pr.  pivot,  95  cwt,  10  feet. 

^^^^^^ {2  32-pr8.*^        25cwt:6feet 

4  gons.    Total  complement,  90  men. 


SCBEW  STEAM  GUN-VESSELS. 
"Arrow**  Class.— 160  H.-P. 

^^ {J  KcL™.??^:^'"'"*- 

4  guns.    Total  complement,  65  men. 


SCREW  STEAM  GUN-BOATS.— Fibst  Class. 

"  Charon.**— 60  H.-P. 

Main  DecJr  /   ^  ^P'*'  P'*^^*»  ^^  ^^'  ^^  ^®®*- 

Mam  LFecK ^  j  gg-pr.  pivot,  56  c^t,  9  ft.  6  in.,  on  slides  1 

—  available  for  the  95-cw 

2  gunB.    Total  CMnplement,  36  men. 
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Screw  Steam  Gan-Boats — contintted. 
Second  and  Third  Olabs. 

**  Cloumr—4tO  H.'P, 

Main  Dpok  (    ^  ^^P'*'  P^^^*^  ^^  ^^*-»  ^^  ^^^ 

2  gmiB.    Total  complement,  36  men. 

"  Cheerful:'-— 20  H.-P, 
Main  Deck 2  32-pr.  pivot,  56  cwt.,  9  ft.  6  in. 

2  guns.    Total  complement,  30  men. 
"  Algeriner— SO  E,-P. 


^-^ {J^t?r:ra 

3  guns. 


87  cwt. 
owitzers. 


SCREW  STEAMVESSELS. 
'* Rifleman''  Clms.—  lOO  H.-P. 

Main  Deck  /  ^  32-prs..  56  cwt,  9  ft.  6  in. 

Mami^ecK ^  g  32-pr8.,  25  cwt.,  6  feet. 

8  gmis.    Total  complement,  90  men. 

The  following  screw  steam-ships,  mentioned  in  the  authorised  Armament 
Book,  have  been  omitted,  either  on  aocoimt  of  their  being  so  nearly  like  others 
that  it  was  nnnecessanr  to  distinguish  them  as  the  ropresentatiyes  of  a  distinct 
class,  or  on  account  of  their  being  the  only  ships  of  their  kind  in  the  Navy  : — 

Royal  G^rge    102  guns. 

Cffisar 90  guns.                          Sanspareil 70  guns. 

Amphion    36     „                             Dauntless  31 

Termagant 25     „                             Brisk 16 

Miranda 15     „                              Glatton  14 

Archer   13     „                             Niger 13 

Wasp  13     „                             Conflict 7 


Phoenix 6     „  Teazer    2 


»»  *«i«»«o*    A     „ 


SAILING-SHIPS. 

Firtt  JRaUs.    **  Caledonia  *'  CIom, 

T^«r^*  r\^^r  5  8    8-in.  guns,  65  cwt.,  9  feet. 

ix)wer  i^ecK  ^^  ^^^  ^  ^^  ^  9  ft.  6  in. 

Middle  ve^ {3*  ,1^^'         %  «:*•;  I  J-t; 

Main  Deck 34  32-pr8.  42  cwt.,  8  feet. 

Quarter   Deck    and  (  6  32-prs.  42  cwt,  8  feet 

Forecastle tl4  32-pr.  carronadee,  17  cwt.,  4  feet. 

120  guns.    Total  complement,  970  men. 


i 
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Sailing-ShipB — continued. 
Second  Baiee,    **  Princeu  Charlotte  "  Class. 

T          -Tk    1.  1  4    ^'^^'  guns,  65  owt.,  9  feet. 

Lower  Deck  ,.^^  ^^^^^  ^g  ^^^^  9  a  6  in. 

-^KiAA}^  r»«/.Tr  i  2    8-m.  gxinfl,  65  cwt.,  9  feet. 

Middle  Deck jgg  82-pr8.  48  cwt,  8  feet 

Main  Deck... So{^^^J^''^'^^}s2  cwU  6  tt  6  m. 

Quarter    Deck    and  (  6  32-pr8.  45  cwt,  8  ft.  6  in. 

Forecastle  (10  32-pr.  carronadea,  17  cwt,  4  feet 

104  g^uns.    Total  complement,  850  men. 

Second  Bates.    **  Asia  **  Class, 

T          r\^%.  /  0    8-in.  guns,  65  cwt.,  9  feet. 

Lower  Deck  ^24  S2-pTB7  56  cwt.  9  ft.  6  in. 

•tiT  •    Tfc^ir  /  2    8-in.  guns,  65  cwt,  9  feet 

^***^^®*^* \30  32-pr8.  48  cwt,  8  feet 

Quarter   Deck    and  f  6  32-prs.  42  cwt.,  8  feet 

Foiecastle  \16  32-pr.  caironades,  17  cwt,  4  feet 

84  guns.    Total  complement,  720  men. 

Second  Bates.    "  Superb  "  Class. 

T  ««.«•  Tfc-^t  i  8    8-in.  guns,    65  cwt,  9  feet' 

Lower  Deck  \^  gg.^^^  56  cwt,  9  ft.  6  in. 

MainDeck ^  ^^rT^    %'^.ltt 

^^^?r*...!^.^}24  32.prs.  42  cwt.,  8  feet 

80  guns.    Total  complement,  720  men. 

Third  Bates,    **  BeOerophon  "  Class. 

T          TY<w.i»  /  ^    ^^  gnns^  65  cwt,  9  feet 

lx)wer  uecK  ^26  32-pra  56  cwt,  9  ft.  6  in. 

MftinDeck  i  ^    ^^^goooB,  65  cwt,  9  feet 

MamJJecJL ^^  ^^^  45  cwt,  8  ft.  6  in. 

Quarter   Deck    and  (  6  32-pr8.  42  cwt,  8  feet 

Forecastle  (10  32-pr.  carronades,  17  cwt.,  4  feet 

78  guns.    Total  complement,  650  men. 

Third  Boies.    **  Boseaum  "  Class. 

Tx^wftrDftck  /  *    8-in.  guns,   65  cwt,  9  feet 

ix)wer  i^ecK  ^^2  32-ps.  56  cwt,  9  ft  6  in. 

^^■■- Usiirnr^i^^iJ:!^: 

^F^e^JSf  ...:!?'}16  32-pre.  42  cwt,  8  feet 

70  guns.    Total  complement  650  men. 

FourtJi  Bates.     "  Indefatigable  "  Class. 
Main  Deck 28    8-in.  guns,    65  cwt.,  3  feet 

•*  Pot'J{r'....'"^}22  82-prB.  45  cwt,  8  ft  6  in. 

^  50  guns.    Total  complement,  500  men. 
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Sailing-Shipa — continued. 

m 

Fourth  Bates.    "  Vernon"  Class. 

Main  nftnlr  /    ®     ®""^  ^"^    ^^  °^*»  ^  ^®®*- 

Main  liocK -^22  32-p8.  56  cwt.,  9  ft.  6  in. 

Quarter    Deck    and  j  4    8-in.  guns,   65  cwt,  9  feet 
Forecastle  118  82-prB.    *      45  cwt.,  8  ft.  6  in. 

50  guns.    Total  tsomplement,  480  men. 

Fourth  Bates. '  "  Portland  "  Class. 

« ,  .    TV    1,  /  8    8-in.  guns,    65  cwt.,  9  feet. 

Main  Deck ^22  32-pr8.  50  cwi.  8  feet. 

Quarter    Deck    and  (  4  32-pr8.  45  cwt.,  8  ft.  6  in. 

Forecastle  1 16  32-pr8.  25  cwt,  6  feet 

50  guns.    Total  complement,  44  men. 

Fifth  Bates.     -  Pique  "  Class. 

--  .    T^    ,  (6    8-in.  guns,    60  cwt,  8  ft.  10  in. 

Mam  Deck |  jg  32.p„^  gg  ^wt.,  9  ft.  6  in. 

Quarter    Deck    and  ( 14  82-pr8.  25  cwt.,  6  feet 

Forecastle  \  2  32-prs.  50  cwt,  9  feet 

40  guns.    Total  complement,  875  men. 

Fifth  Bates.    "  Afrieaine  "  CUus. 

„  .    T^    1-  (2    8-in.  guns,  6a  cwt.,  8  ft.  10  in. 

Mam  Deck jge  32-pr8.  40  cwt,  7  ft  6  in. 

Quarter  Deck    and/  4  32-pr8.  45  cwt,  8  ft.  6  in. 

Forecastle  \12  32-pr.  carronades,  17  cwt,  4  feet 

44  guns.    Total  complement,  340  men. 

Fifth  Bates.    "  Fisguard  "  Class. 

-,.-,,  (2    8-in,  guns,  52  cwt..  8  feet 

Mam  Deck |22  32-pr8.  39  cwt.,  7  ft  6  in. 

^      ,       ^    ,         J  r  4  32-pr8.  45  cwt.,  8  ft.  6  in. 

Quarter   Deck    and  I  ^  32.Jjg^  89  cwt.  7  ft.  6  in. 

Forecastio  |iq  32-pr.  canonadea,  17  cwt,  4  feet 

42  guns.    Total  complement,  340  men. 

Fifth  Bates.    ''Castor*'  Class. 

,,  .    ^    ,  (4    8-in.  guns,    60  cwt,  8  ft  10  in. 

MamDeck tl8  32-pr8.  56  cwt,  9  ft^  6  in. 

Quarter    Deck    and)  2  82-prB.  50  cwt.,  9  feet 

Forecastle  tl2  32-pr8.  25  cwt,  6  feet 

36  guns.    Total  complement,  840  men. 

Fifth  Bales.    '^  Diamond**  Class. 

Main  Deck .'..  20  32-pr8.  40  cwt.,  7  ft.  6  in. 

Quarter   Deck    and/  2    8-m.  pivot,     60  cwt.,  8  ft.  10  in. 
Forecastle  .\  6  32-prs.  25  cwt.,  6  feet 

28  guns.    Total  complement,  300  men. 

2   T 
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Sailing-Shipe — coiiiimied. 
Sixth  Bateg.    *«  Trineamalee  *'  CZom. 

MainDeck  /  8  32^r8.  56  cwt,  9  ft.  6  in. 

^*^*'^^^'^ \10    8-m.gniMt  65cwt,9fe©t 

Quarter   Deck    and  f  6  32-pB.  iO  cwi,  7  ft.  6  in. 

Forecastle  ....i  1  l(Mn.  guns,  84  cwt,  9  ft.  4  in. 

25  guziB.    Total  complement,  275  men. 
Sixth  Bates.    **  BrOUant"  CUu$. 

^^^ niT^       f^^Ut^ 


84  cwt.  9  ft.  4  in. 
26  cwt,  6  fiaet. 


Quarter   Deck    and)  '^  ,^<^'^  P'!?^x..j,.., 
^«>--tt«  Pl'^Siil^.M^} 

20  guns.    Total  complement,  240  men. 

Sixth  Bates.    "  Vestal**  Class. 

MainDeck \ilJ^^^'^   ^^V^a- 

\  16  32-prB.  40  cwt,  7  ft.  6  in. 

Quarter    Deck    and/  2  32-prB.  42  cwt,  8  feet 

Forecastle  \  6  32-pr8.  25  cwt,  6  feet 

26  gmis.    Total  complement,  230  men. 

Sixth  Bates.    **Daphne"  Class. 

MainDeck j,^  of^  «^^    lVZ!t'll^t' 

\lb  32-prB.  42  cwt,  8  feet 

18  gons. 

Sloops. 

••  Arachne  ••  CiMB  ...f  2  ^2!^  ^  "IM  ?•  ?  ^ 

1 16  32^r8.,  25  cwt,  6  feet 

18  gmis.    Total  complement,  145  men. 

"  Siren  *•  Class  L?  ^'P"-  ^  ""^  I  ?'  ?  "^ 

114  32-pr8..  25  cwt,  6  feet. 

16  guns.    Total  complement,  135  men. 

"  Champion  "  Class  i ,«  oo'^"*'  S  ^l^-*  I  ?'  ^  "^ 
*^  112  32.pr8.,  25  cwt,  6  feet 

14  gons.    Total  complement,  135  men. 

"  Acorn  *•  Class |  ^  32-pr8.,  8^  cwt,  7  ft.  6  in. 

\  10  32-prs.,  25  cwt,  6  feet 

12  guns.    Total  complement,  135  men. 

"Cygnet  "Class    ...(  ?  ^P"*  P^^^*»^:^*-*^/^,^  ^ 
■  \  6  32-prs.  25  cwt,  6  feet 

8  guns.    Total  complement,  80  men. 

"  Linnet-  Class    ...|  I  '^P"*  ,      ?2  ^ih  5  ?'  ?  ^ 

(  4  32-pr.  carronades,  17  cwt,  4  feet 

6  guns.    Total  complement,  80  men. 
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SaUing-Shipft— ctm^mti^. 

Brigt, 

" NantiliM "  ClAffi      I   2  ^P"-  ^  ^^^  6  ft.  6  in. 

Maumufl    oia88...|  ^  j^^^.  carronades,  10  cwt,  3  ft.  4  in. 

6  guns.    Total  complement,      men. 

The  above  are  mentioned  as  representing  the  moet  important  classes  of  sailing 
vessels  still  remaining  in  the  navy. 


PADDLE  STEAM-FRIOATES. 

Fifth  Bates,    "  TerribU  "  CtoM.— 800  H,P. 

»  .    T\    1  )  10    8-in.  gons,    65  cwt.,  9  feet. 

^"^  ^^'^ 1  4  68-pr8  95  cwt..  10  feet.      ■ 

TT..««-  n««ir  /  *  I^"^  g™^    84  cwt.,  9  ft.  4  in. 

Upper  Deck  |  3  68-pr.  pivot.  95  cwt,  10  feet 

21  gmis.    Total  complement  310  men. 

Fifth  Bates.    "  Penelope  "  Class,— 650  H,'P, 

Main  Deck 10    8-in.  gmis,     65  cwt,  9  feet 

TT««^.  T\^\r  i  4    8-in.  guns,     52  cwt,  8  feet 

Upper  Deck  |  g  lO-in.  pivot     «4  cwt.  9  ft.  4  in. 

16  guns.    Total  complement,  310  men. 

Fifth  Boies,     "  BetribtUion  "  C2aw.— 400  H,-P. 

Mam  Deck 18  82-prs.  50  cwt.,  9  feet 

TT^,^,  Ti^ir  /  I  68-pr.  pivot  95  cwt,  10  feet 

Upper  Deck   \  9    8-&L  gons.   65  cwt,  9  feet 

28  gons.    Total  complement  810  men. 

Fifth  Bates,    "  Leopard "  Claw— 560  H.-P, 

Main  Deck 12  32-pr8.  56  cwt,  9  ft  6  in. 

TT         Tk    u  i  2  68-pr.  pivot  95  cwt,  10  feet 

Upper  Deck  [  ^  10-m.  ^    84  cwt.  9  ft.  4  in. 

18  gons.    Total  complement,  310  men. 

Sixth  Boies.    **  Furious**  Ctow.— 400  H.-P, 

Mam  Deck 10  32-p».  50  cwt.,  9  feet 

-^    ,  /  2  10-in.  pivot,     84  cwt,  9  ft  4  in. 

Upper  Deck  |  ^  ^c^^  50  cwt,  9  feet 

16  guns.    Total  complement,  230  men. 

Sixth  Bates,    Steam  Sloop—'  CerUaur  "  CZaM.~540  H.-P. 

-.         ^    ,  (2  68-pr.  pivot,    95  cwt.,  10  feet 

Upper  Deck  |  ^  10-m.  gons,    84  cwt,  9  ft.  4  in. 

6  guns.    Total  complement  195  men. 

2  T  2 
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PADDLE  STEAM -SLOOPS. 
"  BuUdog'*  CIoM.— 500  H.-P. 


68-pr.  pivot,     95  cwt,  10  feet 

Upper  Deck  {  1  lO-in.  pivot,     94  cwt,  9  ft  4  in. 

32-pr8.  80  cwt,  8  feet 


•a 


6  gona    Total  complement  170  men. 

"  Medea  "  Claw.— 850  H.-P, 

UnnerDeck  /  ^  lO-inch  pivot  84  cwt.  9  ft.  4  in. 

upper  i^ecjc  ^  4  ^2^^^  25  cwt,  6  feet 

6  gwoB,    Total  complement  135  men. 

"  Ardent "  Class.— 200  H.-P, 

UDDer  Deck  I  ^  ^P^'  P^^^*»  *^  ^^^  »  ft.  6  in. 

upper  LFecK  |  ^  ^^^  25  cwt.  6  feet 

8  guns.    Total  complement  100  men. 

*  Trident "  Clow.— 350  H.-P. 

Uoner  Deck  /  ^  ^^'P''  P^^^*»  42  cwt.  8  feet 

Upper^l^ecJc  ^  g  82.pr8.  25  cwt..  6  feet 

8  gnns.    Total  complement  100  men. 


PADDLE  STEAM -VESSELS. 

"  Medina ''  Ctow.— 812  H.-P. 
Upper  Deck  .........    4  32-pr8.,  50  cwt.,  9  feet 

4  gons.    Total  complement  65  men. 

■ 
••  Huto  "  doM.— 100  H.-P. 

Unner  Deck  i   ^  ^"P'*  P^'^^**  ^^  cwt,  8  feet 

upper  i^ecK   |  2  32.pr8.         25  cwt.  6  feet 

8  gons.    Total  complement  65  men. 

-  Antelope  "  CZ(i«.— 260  H.-P. 

Unner  Deck  i  ^  '^^P'*  P^'^^**  ^^  <'^»  ®  ^^^ 

upper  XJecK  |  g  32-pr8.  25  cwt.  6  feet 

3  gnns.    Total  complement  65  men. 

"  Porcupine  "  C^».— 132  H.-P. 

UDtier  Deck  I  ^  ^^'P''  P^^^*»    ,      ^0  cwt,  6  feet 

upper  i^ecK  -j  g  18-pr.  carronades.  10  cwt..  8  ft.  4  in. 

8  gnna    Total  compleigent  65  men. 


App.  E.  armament  of  the  BRITISH  NAVY.  645 

Paddle  Steam-Ships— con^mu^. 
•*  Bloodhound  "  CZow.— 150  H.-P. 

TT        T\    v  /I  18-pr.  pivot,  22  cwi,  7  feet. 

Upper  Deck  |  g  24.pr.  barronades.  13  cwt.,  4  a  9  in. 

3  guns.    Total  complement,  50  men. 

"Barm"  Ckua. 
Upper  Deck  2  32-pr8.,  25  cwt. 

2  gmis.    Total  complement,  40  men. 
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ALPHABETICALLY  ARRANGED. 
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A. 


Action,  naval,  between  the   "  Chesapeake "  and  the) 

"Shannon"      j 

"Avon"  and  "Wasp" 

— -  "  Frolic"  and  «  Wasp"  reviewed 
'  "  Guem^re  "  and  "  Constitution 

-1 "Hornet "and  "Peacock" 

-i "  Java  "  and  "  Constitution  "       ... 

■H "  Macedonian  "  and  "  United  States  " 

"  PhcBbe  "  and  **  Essex  "      

— ; — "President"  and  "BelTddera"   ..      . 

Actions,  naval,  will,  in  future,  commence  at  great  di8-\ 

tances        

Admiralty  Circular  in  reference  to  seamen-gunners 

**  Ajax,"  disasters  on  board  the 

Alexandria,  battle  of,  landing  of  the  British  troops  in 

Aboukir  Bay 

"  Alfred,"  experiments  against  at  Portsmouth  in  1858 .. 

Algiers,  attack  on,  by  Lord  Exmouth     

Alma,  battle  of  the,  rifles  used  by  the  Russians  at  the  . . 
America,  war  with  in  1812,  undertaken  with  too  much) 

coi^dence  in  oar  naval  skill       ^ } 

American  defences,  original  error  in  the  construction  of 

embrasures,  impracticable  in  earthen  parapets . . 

embrasures  liable  to  injury  from  blast  of  the  gun 


I 


} 


Antoni,  Chevalier 
Armament  of  the  British  Navy 
of  coast-batteries 


Armstrong  gun,  account  of  the 

carnage  of,  for  land-service 

drill  for 

efficiency  of  in  8hell>firing 

mounted  for  sea-service        

practice  with 

projectile  used  with       

range  of 

sights  for 

— strength  of^  to  resist  explosion 

Armstrong  80-pr.  gun,  effect  of  against  Palmer  and  Co.'s 

iron  plates        

experiments  with  against  plates  of  various  thick- 


nesses 


experiments  with  against  the  "  Trasty  " 


Armstrong  and  Whitworth  guns,  respective  capabilities  of 

eSSeiencjoff  at  minima  elevations      

Armstrong  and  Whitworth's  inventions  open  to  the  world 


Abticle. 
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Arrows,  metallic,  proposed  discharge  of  from  smooth-'^ 
bored  gons,  a  retrogression  in  the  science  of  warfare  / 

Asphixians,  projectiles       

Atmosphere,  density  of  the,  at  different  heights    . . 

Attack,  by  sea,  on  fortresses     ..    ^ 

Anthoi^s  motives  in  entering  on  this  work     

"  Avon  "  and  "  Wasp,"  action  between  the    . . 


B. 


Article. 


243 

311 
80 
345et  seq. 
1 

508 


Backstays,  table  of  the  lengths  of 

Ballistic  pendnl  am,  invention  of  the        

centre  of  gravity  in  the 

-»—  centre  of  oscillation  in  the 

■  description  of  the 

I  in  France,  and  in  the  United  States    . . 

Baltic  and  Black  Sea  fleets  inadequately  furnished  with) 

well-tnuned  gunners  in  1854        J 

Batteries  on  the  coast,  situations  for       

Battering  power  of  our  line-of-battie  ships  less  than  for-1 

merly        / 

*' Bellone,'' accident  to  the , 

Bessemer  iron,  how  manufactured 

Billette  shell        

Black  Sea,  gAn-boats  sent  out  for  use  in  the  .. 

operations  in  the 

Blocks  01  cast-iron,  experiments  agsdnst,  at  Woolwich, 

1857 

Blomefield ,  Sir  Thopas,  guns  constructed  by 

Boats,  manning  and  arming      

Bomarsund,  small  effect  produced  by  the  fire  firom  the\ 

ships,  at ..'... 

destruction  of  in  1854,  due  to  combined  attack  of 


} 


/ 


ships  and  land-batteries 

Bomb-ships  preferable  to  steam-frigates  for  naval  bom- 
bardment   

Bombardment  more  injurious  <  to  the  inhabitants  of  a 
plaM  than  to  the  garrison     \ 

the  heayiest  projectiles*  should  be  used  in  . . 

Bore,  spiral  and  elliptical,  for  guns 

Bored-up  guns,  advantages  of 

deft 


} 


ects  of,  from  their  great  recoil 
failure  of,  on  board  the  **  Sesostris  " 
unsafe  when  fired  double-shotted 


Boulets  asphixians 

Boxer's  (Captain)  friction-tube 

fuze 


Breech-loading  guns  used  in  the  sixteenth  century 

authors  sketch  of  origin  and  progress  of,  useful) 


to  modem  adapters  of  the  system 

rifled,  by  M.  Cavalli 

rifled,  by  M.  Wahrendorff 


Breech-loading  rifles,  objections  to  . . 

Breechings,  spare,  necessary      

Bullet,  cyliudro-conical,  by  M.  Delvigne 

■ by  M.  Tamisier      

by  Mr.  Lancaster 

Bullets  made  by  compression 
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Bargos,  fidlnre  before,  under  Wellington,  dne  to  in-1 
efficiency  of  chambered  ordnance        j 

Burns  (Lieut. -Colonel)  '  Cards'  of,  on  artillery  practice) 
and  comparative  value  of  solid  and  hollow  shot . .      . .  j 


c. 

Calibre,  dimensions  of  the,  are  the  distinctive  designa-^l 

tions  of  mortars  and  howitzers / 

Canons^obusiers,  different  kinds  of,  in  the  French  navy 

double  shot  fired  from 

experiments  with,  compared  with  a  British  8-inch) 

Sneil'gUU  ••  ••  ••  «•  •*  «*  ,.  ,a  m  t       f 

originally  in  limited  numbers  on  board  of  French  \ 

ships J 

■  proofe  of,  in  France       

Captains  of  guns,  inefficiency  of  in  newly-commissioned) 

ships  under  Sir  C.  Napier  in  1854       j 

■ judgment  and  mechanical  skill  requisite  for 

skilled,  at  present  lost  to  the  service  when  ship) 

paid  off / 

'  to  be  efficient,  must  be  well  trained 

well-qualified,  provided  before  ships  are  commis- ) 

missioned  by  the  enemies  of  England f 

well  trained  in  French  service  for  some  years  past 

Carabine  k  tige,  the  Chasseurs  d'Orleans  armed  with  the 

experiments  to  determine  its  merits 

will  be  disused  by  the  French      

Caruot.  vertical  fire  proposed  by      

Camot  8  detached  wall       

Carriage,  Gun,  by  Baron  Wahrendorff 

Carriages  for  the  bows  and  stems  of  French  ships . . 

Carronades,  re-boring  of,  proposed 

chambers  o^  on  the  Gomer  principle 

disadvantages  of,  compared  with  long  and  heavy  ^ 

guns / 

disappearance  of  from  the  service       

improper  for  the  armament  of  large  ships . . 

Cartridge  for  French  chambered  ordnance     

manner  of  passing,  from  the  magazine  to  the  deck 

the  initial  velocity  depends  on  the  diameter  of) 

the J 

Case-shot,  invention  of      

should  be  fired  at  low  elevations 

spherical    (Shrapners    shells),    may  be    used) 

against  troops  on  shore,  or  ships  with  crowded  decks  j 
Casemate  guns,  how  traversed  in  American  embrasures 

Cast-iron,  now  converted  into  malleable  iron 

Cavalli,  Major,  rifle-gun  invented  by       

gun,  description  of  the 

. gun,  experiments  with  the 

Centre  of  gravity  in  a  pendulum,  and  manner  of  find-*^ 

ingit         ..      ..      / 

of  oscillation  in  a  pendulum         

Chambered,  some  objections  to  naval  guns  beins  . . 

ordnance  ineffective  to  discharge  solid  shot 

Chambers,  forms  of,  in  British  shell-guns,  and  in  French) 

canons-obusiers       J 


Article. 
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Chambers,  necessary  in  naval  ordnance  of  large  calibre 
— ^  reasons  for  having,  in  carronades  and  shell-gons 

— —  their  inconveniences      

Charge  should  be  snch  as  gives  the  required  range  with) 

the  least  elevation f 

*  Charge  simnltan^,'  adopted  by  the  French  fh>m  the) 

1st  ^it.  of  this  work     j 

Charges,  full,  circumstances  in  which,  are  necessary  . . 
ftdl  and  reduced,  for  single  and  double  shott-) 

ing ;  proportions  of        i 

of  powder  used  in  shell-firing  against  ships 

Charging,  simultaneous 

Chasseurs  d'Orl^iEms  armed  with  the  carabine  k  tige     .. 
'* Chesapeake "  and  ''Shannon,"  effM^ts  of  18-Dr.  guns) 
and  32-pr.  carronades  in  the  action  between  uie       . .  I 


Article. 


penetrating  effects  of  shot  on  the 


**  Christian  the  Eighth,"  Danish  ship,  catastrophe  to, 

finom  indiscreet  attack  on  land-battery        

— »  observations  on  the  mode  of  firing  on  board  the 
Circular  platforms  in  the  British  naval  service 

Coast-batteries,  armament  of 

afleur  d*eau,  effect  of  horizonal  firing  from,  at 

fioating-batteries 

should  be  armed  with  guns  affording  the  longest) 


range  with  the  least  elevation 

— -  should  be  in  a  commanding  position 

unchambered  ordnance  may  be  used  ibr 


Command  of  a  work,  an  erroneous  notion  respecting  the,) 

corrected 

of  the  sea  must  be  nuuntained  by  Elngland 

Commanded,  cases  in  which  a  work  is 

Compression,  bullets  made  by 

Concentrated  fire,  simultaneous,  .instructions  for  . . 
Concentrating  fire,  angles  of  depression  fbr,  table  of 
may  be  carried  too  far 

—  Moorsom's  "  Director,"  use  of ,  in 
^—■^-  on  the  beam,  calculation  of  angles  for 
rules  for 

three  points  abaft  the  beam,  angles  for 

•^— —  to  mark  the  beams  overhead        

when  a  vessel  heels  much 

Concentration  of  fire 

objectionable  case  for  the 


Concentric  cylinders,  gun  formed  of      

Concussion  and  percussion  shells  are  less  destructive  than ) 

shells  with  fazes     / 

— —  fuze  (short  time),  advantages  of  a      

shells  defiined 

shells  not  suitable  for  dismantling      

Congreve,  Gen.  Sir  William,  guns  constructed  by 

^—  cause  of  the  superiority  of  a  24-pr.  by 

first  introduced  rockets  in  the  British  service  . . 


Con^eve's  top-si  gbts 

Conical  picket  (projectile)  . . 
Conoidal  shot,  by  Captain  Norton 

by  Captam  Thistle . . 

by  Dr.  Minesinger . . 
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Copenhaceo,  attack  on       

Cork  wad,  the  usejof  a       

Cotton,  Gan..      .T      ..      ..     •. 

Crimea,  smooth-bored  muskets  used  by  the  French  in . . 

Crimean  campaign,  fiulnres  in,  dne  to  the  redaction  of) 
onr  military  establishments j 

Cylinder  g^onpowder 

Cylinder,  revolving,  the  velocity  of  shot  determined  by  a 

Cylindrical  shot,  circumstances  in  which,  may  be  ad- 
vantageous        

Cylindncal  shot-guages  recommended 

Cylindro-couical  shot  by  Major  Cavalli 

by  Delvigne 

by  Mr.  Lancaster 

by  Captain  Norton        

^- by  Baron  Wahrendorff 

■'  defects  of,  in  riochet  firing   . .      . :      

Cylindro-conoidal  shot,  defects  oC  in  riochet  firing 

'—  by  Captain  Minie,  with  iron  cup 


A'bticle. 


} 


D. 

Dahlgren,  Commander,  concurrence  of  opinion  with 
author  against  the  use  of  hollow-shot  in  broadside- 
batteries    

Decks  of  floating  batteries  should  be  shot-proof  as  well) 
as  sides j 

Defences  9f  the  United  States,  Report  on  the,  quoted  .. 

Delvigne,  M.,  proposal  of,  that  nfle  bullets  should  be  I 
expanded  by  striking  them I 

Depdts  of  instruction,  necessity  of 

originally  formed  ilk  1830 

Despatdi  gun-boats,  dimensions,  weights,  and   arma-l 
meut  of j 

Deviation  of  shot,  noticed  by  Dr.  Hutton       

— »-  of  solid  and  hollow  stiot  compared      

Deviations  of  shot,  longitudinal  and  lateral 

caused  by  the  resistance  of  the  air  on  elongatedl 


shot 


/ 


■  effects  on  the,  by  the  position  of  the  shot  in  the  gun 

experiments  to  determine  the      

experiments  to  determine  the,  at  sea 

from  the  rotation  of  the  earth 

from  the  rotation  of  the  shot  on  its  axis    . . 

horizontal  and  vertical,  formula  for  the 

most  considerable  near  the  extremity  of  the  range 

produced  by  the  non-sphericity  of  shot 

"  Diadem  "  and  *'  Mersey,"  &c.,  armed  with  the  ordnance  | 

banished  from  tbe  U.  S.  service,  though  constructed  to 

match  their  monster  frigates 

Dickson,  Sir  Alexander,  letter  from,  to  the  author 
Dismantling  operations  effected  better  in  fresh  breeze) 

than  in  calm j 

Dispersion  of  two  shots  fired  at  once       

of  grape  shot 

of  rouud  afid  grape 

Displacement  of  ships .. 

Distances  at  sea,  necessity  of  knowing  the,  before  coming  t 

into  action        i 
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Distances  at  sea,  method  of  computing 

method  of  compating,  bjr  angles  taken  at  the 

bow  and  stem 

.  method  of  computing,  by  angles  taken  at  the 

top  of  a  mast ^ 

Double  shot,  irregularities  in  firing  with 

■  experiments  with,  from  canons-obusiers     . . 

experiments  with,  from  8-inch  guns 

■  shotting,  unsafe  with  bored-np  guns 

•— — *  and  triple  shot,  experiments  with       

Douglas,  Sir  Cnarles,  introduced  flint-locks 

Dundas,  Colonel,  a  68-pr.  constructed  by        

percussion-lock  by 


E. 


Elarthen  works  and  masonry  defences,  controversy  re-) 
garding  between  French  and  German  engineers       . .  j 

• best  adapted  to  resist  the  impact  of  shot    . . 

Eklucation  in  naval  gunnery      

Elastic  lining  applied  to  iron  plates,  failure  of 
Elevation  of  a  gun  should  be  the  least  possible 

• expedients  used  in  the  United  States  to  obtain  the 

inversely  the  exponent  of  accuracy     

EHevating-screw  used  by  the  French        

Elliptical  bore,  experiments  with  guns  having  an  .. 
Elongated  projectiles,  imperfection  of  as  shells 
— —  range  at  which  they  cease  to  be  efficient    . . 

strike  obliquely  at  high  elevations      

'  uncertain  effect  of  ricochet  upon 

— —  when  used  as  shells,  lose  the  advantage  pos-l 

sessed  by  spherical  shells       / 

Elongated  shot,  advantages  of 

resistance  of  the  air  on 

should  be  used  with  rifle  barrels 

the  efficacy  of  the  new  rifles  depends  on    . . 

Embrasures  cased  with  iron  slabs,  experiments  against . . 

no  rigid  material  should  be  used  in 

Enfleld  Rifle,  experiments  with,  table  of        

Equilibrium  of  floating  bodies  described 

Equipages  de  ligne,  adoption  of  by  the  Russians    . . 
'*  Erebus  and  Meteor  "  noating-batteries,  description  of 

effects  of  32  and  68  lb.  shot  against 

Even  keel,  rule  for  firing  on      

'*  Excellent,"  gunnery-school  founded  on  board  the 

number  of  seamen-gunners  trained  on  board  the 

present  establishment  of  the        

Excentric,  manner  of  renderilig  shot        

Excentric  shot,  advantages  of,  in  increasing  the  range  . . 

experiments  with,  by  General  Paixhans    *  • 

tables  of  experiments  with,  on  board  the  "  Ex-1 

cellent" / 

tables  of  experiments  with,  at  Shoebury  Ness  . . 

Excentricity  of  shot  increases  its  imperfections 
Explosion  on  board  a  ship  is  principally  to  be  feared   . . 
probable  cause  of;  when  struck  by  shot 
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F. 

Field-howitzers,  brass,  best  fitted  for  moanting  on  deck^ 
to  fire  at  rigging     

Field-pieces,  seamen,  and  marines  to  act  on  shore,  in- 
structions for  landing 

Firing  across  a  valley 

— —  at  sea,  practice  of " 

of  shells  horizontally,  the  maximnm  effect  of 


with  time-fuzes 

position  in  a  ship's  roll  most  adyantageous  for 


} 


Flint-lock,  double,  invented  by  the  author 

Floating-batteries  covered  with  iron  plates,  constructed  | 
in  England  during  the  late  Russian  war,  deficient  in> 
buoyancy  and  stability | 

French,   used  in   attack  of  Kinbum  in   1854,1 

escaped  destruction,  from  small  calibre  of  guns  and  * 

bad  practice  of  the  Russians 

upper  decks  oi^  danger  to,  from  plunging  fire  of 


land-batteries 
Fortifications  of  Sebastopol,  nature  of,  in  1854 
Fortresses,  maritime,  should  be  attacked  by  a  naval  and) 

military  force  combined        j 

■  small  efRsct  of  shells  fired  fh>m  ships  against    . . 
Freebum's  concussion-shells,  ex^riments  with     . . 
French  captains  of  fl;uns  well  tramed  for  some  years  past 
fiulures  of  the,  in  rifling  smooth-bored  'guns     . . 

■  gunneiy  establishment    competent    to  furnish  <| 
^  three  trained  gunners  per  gun,  while  England  is  not  [ 

able  to  provide  one  captain  per  gun  for  ships  in  com- 
*  mission 

■  infantry,  no  rifle-muskets  supplied  to,  till  just 
before  the  Italian  campaign 

naval  gunnery  of  the,  deficient  near  the  end  of 


the  reign  of  Napoleon  I. 
navy,  abstract  of  the 


'  Frigates  blind^es '  described 

••  Frolic"  and  **  Wasp,"  action  between  the 

Fuzes,  divided  into  classes        

■  lengths  of,  vary  with  the  distance  of  the  object . . 

machine  for  driving      

— '^— —  manner  of  examining 

may  be  extinguished  on  striking  a  ship  or  grazing) 


water 


metal,  superior  to  those  of  wood 

time,  frequently  fail  in  horizontal  shell-firing 


G. 

Gaining  twist  in  a  rifle-musket        

Gauges,  cylindrical,  for  shot,  recommended 

Gibraltar,  siege  of,  shells  fired  firom  long  guns  at  bodies) 

of  troops,  first  used / 

*'  Glatton,*'  action  between  the,  and  a  French  squadron 

Grape-shot  may  be  used  in  a  chase 

Gravity,  centre  of,  in  a  pendulum 

Great  Britain,  the  naval  officers  of,  were  once  too- con-) 

fident        j 

**  Great  Eastern"  could  not  withstand  the  new  projectiles 
'—  prismatic  form  of 
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Article. 


Great-gnu  exercise     ..  | 

Grivel,  Lieut,  opinion  of,  on  cnirassed  floating-batteries  ; 
objection  of,  to  the  nse  of  floating-battenes  at  line- 1  > 

of-battle  ships j| 

"  Guerri^"  and  "  Constitution,"  action  between  the . 
Gun,  a  32-pounder,  substituted  for  the  42-pounder 
locks,  difficulty  of  procuring  the  adoption  o^  in 

the  naval  service 

Gun-boats  British,  description  of      

—^— Danish,  armament  of 

necessary  in  shallow  water 

use  of,  on  various  occasions 


I 


Gun-cotton,  experiments  with 

relative  strength  of,  and  gunpowder 

Gunners,  acting  seamen,  Admiralty  circular  in  reference  to 
-^— and  bombardiers,  necessity  of  training 

— ^-~  master,  instruction  of,  recommended 

■  trained,  Baltic  and  Black  Sea  fleets  inadequately' 

supplied  with,  in  1854 

trained,  increase  o^  equally  necessary  with  in- 


crease of  lar^e  ships 
Gunnery  exercise,  cruising  ships  recommended  for 
-^—  instructors  in,  should  be  nautical  men 

practice,  tables  of 

principles  of^  necessary  for  naval  artillerists 

'  school  of,  formed  on  board  the  "  Excellent  '*    . . 

-^— ^  ships,  necessity  of  inducements  to  officers  and  i 

seamen  to  join ) 

Gunnery,  naval,  necessity  of  a  knowledj^e  of 

theory  of,  advantage  of  cultivating  the     . .     . . 

Gunpowder,  characteristics  of 

—  deterioration  of      

—  explodes  by  percussion,  concussion,  and  friction 
— ^—  process  of  diying 

—  protection  of,  from  dan^»      ..      

— — -  vessels  for  preserving 

Gunpowder  and  irun-cotton       

manner  of  testing 


Guns,  A,  B,  C,  by  Mr.  Monk 

affording  the  greatest  range,  with  equal  calibre, ) 

preferred »      J 

—  bored-up,  advantages  and  defects  of 

-^-^  bored-up,  failure  of,  on  board  the  "  Sesostris  " 
— ^—  bored-up,  few,  in  the  navies  of  France  and  the) 

United  Stajes f 

bored-up,  unsafe  when  used  with  double  shot  . . 

■  constructed  by  Colonel  Dundas 

■  constructed  by  Congreve,  Blomefield,  Monk    . . 
for  shells  and  hollow  idiot  introduced  in  the 


British  Navy 

necessity  of  laying,  horizontally  in  close  action 

of  txtraordiuary  size 

of  extraordinary  size  for  shells 

of  extraordinary  size  for  solid  shot 

^— •  of  wTought-iron  proposed     

perfection  of,  consists  in  affording  the  greatest) 

range  with  the  least  elevation       J 

proportion  between  the  number  and  weight  of,l 

in  the  armament  of  ships / 
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Gam,  proportioD  of,  for  shelU  kiid  ftdid  ibot  on  baud  I  i 

of  French  ships        y 

•  short  and  light,  ftmnerly  preferred { 

(43-potuiden),  ezperimeQU  with;  on  board  the) 

"Excellent" fi 

H. 

Hale,  Mr.,  rocket  by,  withont  stick         

rocket  by,  defect*  of  ihe      ,     ..      .. 

Heavy  shot  raiiKi!  farther  thoD  lighter  shot    -.'      .. 
Hollow  shot,  aJvantageB  of,  nilb  respect  to  the  siie  ofV 

fracture  /: 

anil  aolid  shot,  relative  accarac;  of  practice  with  l 

coQCcnlrie  and  eieentric,  eiperimenlB  on    ..    ..    | 

—— discarded  from  the  United  States' Navy   ..      ..   | 

—  ■- ■  inferior  to  solid  shot  in  haviDg  greater  lateralV 
deTialion  / 

useless  unless  filled  with  gunpowder 

Homogeneity  of  shot,  advantagi 


;b  of,  enperim 


Hornon,  balistique 

Horizontal  Ehell-firing.  experiments  on 

. ease  in  wliioh  the  greatest  efftct  of,  is  prodacsd 

difficulties  attending       

great  velocity  of  the  shell  iu,  required  to  injorel 

aibip       ; 

"Hornet"  and  "PeaoN^"  actim  between  the 
Howitiera,  lea-serrice,   fired  on  board  slup  produce^ 

^— —  how  naed  in  siege  operations.. 


I,  J. 


Jacob,  Major,  nipple  and  percusdon-cap*  by  .. 
"Java"  and  "Constitution,"  action  between  the  .- 
Impact,  rchiliTp,  of  8-inch  ihell*  and  32-pouDder  shotl 

fired  double      f 

Incendiary   projectiles,  disasters    experienced   by   the) 

French  from  ' 

^^^^  inhnmanitj  of  tiung      

used  by  the  Kitfuaiu  at  Sinope    .. 

Increasing  spiral  

Initial  Telocity  of  shot       

formula  for,  in  termt  of  the  range     .. 

-; French  formula  for  the 

maximum  of  the  

luslruclors  in  naval  gimnery  should  be  naval  nu 

Iron  pUtee,  cnnnot  protect  ships  from  the  new  projectiles 

easily  broken  unless  backed  bj  strong  till  ' 


-  effects  of  ahot  against    . 


iperimenU  to  teat  the  o 


167  Note 

{  169, 173,174  IS 

^1  SSletseq. 


(ecated  in  England 
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Iron  plates,  proposal  of  Geneial  Puxhans  to  cover  ships  \ 

wiUiinl821 

proposal  to  cover  ships  with,  reprodaced  by 


Napoleon  III.,  18;53 

'  should  be  proof  against  solid  shot  as  well  as  shells 

target    of  timber    covered  with,  experiments) 

against,  at  Woolwich  in  1856        / 

—  to  resist  heaviest  shot,  should  be  4}  inches  thick 

would  be  driven  in  bodily  by  a  concentrated ) 


broadside 
Iron  portcullis,  experiments  against,  at  Chatham . . 

Iron  ships,  disadvantages  of      

may  be  used  as  troop-ships 

unfit  for  war  purposes 


Iron  vessels  could  not  stand  against  the  new  projectiles 

unfit  for  war  purposes,  not  being  shot-proof 

Italian  campaign,  defective  rifle-muskets  used  by  the^ 

French  in ...  « j 

Italy,  late  war  in,  French  rifled  cannon  £uled  at . . 


L. 


Lancaster  guns,  experiments  with,  at  Portsmouth 
explosion  o^  how  caused 


Lancasters  eliptical-bore  musket 
pillar-breech  musket 


Land-batteries  above  sea-level  could  rip  up  timber  decks  ( 

of  floating-batteries        

k  fleur  d*eau  could  project  one-tenth  of  the  shot) 


into  the  ports  of  a  floating-battery       j 

ships  are  now  less  able  than  formerly  to  eontend) 


agamst      

Landing  at  Balaklava,  miseries  suffered  in     . . 
— —  of  troops  frequently  a  matter  of  difficulty 

in  the  great  war  with  France,  how  effected 

Leeward  ship,  manoeuvres  of  a,  in  action 

'*  Leviathan,"  experiments  against,  at  Portsmouth,  to' 

determine  the  effect  of  shot  below  water-line  . . 

Line  of  metal,  pointing  by  the,  not  now  used  in  the 

British  service         ^     . .      . .  j 

Line  of  sight,  practice  of  firing  by.  the    .. 

Live-shells,  manner  of  stowing,  on  board  the  **  Boval ) 

Albert" ;       ^ 


—  accidents  to  French  ships  from  having  on  board 
Loading,  comparative  times  of,  with  single  and  double' 

shot 

compounded  of  round  and  grape  shot,  effective' 


ranges  obtained  by 

Locks  (and  tubes^  for  naval  ordnance     

— — —  for  guns  nrst  introduced       

*-^-^  in  use  among  different  nations     

percussion,  by  Colonel  Dundas 

Long  range,  excessive,  shot  at,  worthless 
■  not  the  real  test  of  usefulness  in  ordnance . . 

shell  at,  usefulness  of 
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'*  Macedonian'*  and  "  United  States,"  action  between  .. 
Maffnns,  on  the  resistance  of  the  air  to  elongated  shot .. 
Alaitland,  Sir  Thomas,  recommendations  of,  for  gunnery ) 

establishments f 

•  Mallet's  monster  mortar 

failure  of,  in  Woolwich  experiments 

Manning  and  arming  boats,  stores  and  crew  requisite  for 

Manual  exercise  of  naval  artillery 

Marine  artillery,  excellence  of  the,  for  particular  service 

Maritime  fortresses,  attack  of 

'  may  be  destroyed  by  a  combined  land  and  se&\ 

attack  if  vessels  allowed  to  approach  at  effective  range/ 
Marksmen  with  breech-loading  rifles,  should  be  posted ) 

as  topmen         J 

Masonry  defences  strengthened  with  iron  slabs,  experi-l 

ments  against,  in  America     j 

Master-gunners -.      

Masts,  the  heights  of,  in  French  and  American  shipsV 

nearly  equal      / 

Matelots  canonniers,  establishment  for  in   the  naval  I 

arsenals  of  France j 

Maxima  ranges,  abandonment  of      

Maximum  range,  elevation  producing  the      

equation  for  the      

velocity,  length  of  charge  producing  the    . . 

'*  Medea,"  accident  on  board  the      

Medium  guns.  A,  B,  C       

**  Merrimac,"  monster  American  frigate,  description  of 

Metacentre  of  a  floating  body  described 

of  ships  in  the  Channel  fleet  too  near  centre  of  I 

gravity      .'/ 

Metal  fuses,  experiments  with 

Metallic  arrows,  proposed  discharge  of,  from  smooth-1 

bored  guns,  a  retrogression  in  the  science  of  warfare  / 

phtes,  experiments  on,  at  Woolwich  in  1867 

Mini^,  system  of  rifling  by,  not  adopted  in  the  French) 

service       / 

Mini^  rifle 

■ French  and  Belgian       

'  objections  to  the     

Molten  iron,  shells  filled  with,  efficiency  of,  as  incendiary) 

weapons    / 

Momentum  of  inertia  in  a  pendulum       

Monk,  Mr.,  guns  constructed  by       

Monster  frigates,  American,  description  of 

Moorsom,  Cstptain,  the  late,  opinion  of,  on  the  frigates) 

blinded j 

■       percussion-fuze  by 

Mordecai,  Major,  on  effect  of  increased  charges  on  velocity 
Mortars,  the  use  of,  discontinued  in  the  British  navy    . . 

Jdusket,  pillar-breech 

needle-prime 

Musketry,  dan^r  of  using  in  the  tops  of  ships 

Muskets,  rifle,  importance  of 

manner  of  sighting         

not  sufficiently  used  in  the  British  navy    . . 


Article. 
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N. 


Abtecle. 


Napoleon  III.,  expedient  cl,  to  pre  floating-bfttteriesl 
masterj  over  coast-batteries,  fulacioos      / 

Nasmyth's  improrement  in  the  mann&etorr  of  wron^tl 
iron I 

Naval  artillery,  manoal  exerdse  of 335etsei|. 


463 


215 


cadets,  studies  of  the 


Naval  college  for  officers,  established  in  1839 

• snbjects  studied  at  the 

strength  of  the 


Naval  depots  for  instruction  recommended 

Naval  gunnery,  advantage  of  studjring  the  tiieory  of    ..  i 

cultivated  on  bocutl  the  "  Excellent"         ..      ..   ^ 

establishment  for,  should  be  under  the  Admiralty  ; 

improvement  of^  depends  on  die  character  of  the) 

depots  for  instruction     j| 

objection  to  the  use  of  instruments  for,  obviated  i 

proposed  to  be  an  item  in  the  examinations  for)  • 

promotion         )> 

state  of,  once  unsatis&ctory  in  England 

subjects  of  instruction  in,  proposed  by  the  author  i 

Naval  instructors         ; 

—  officers,  the  instruction  of,  recommended    . . 


31 
29 
30,32 
31 
U 
46 
32 
22 

25 


Navarino,  action  at     

Navy,  British,  armament  of  the        

necessity  of  maintaining  the  high  poation  of  the 

warlike  skill  in  the,  f(»merly  deficient 

Navy  of  England         


of  France 
of  Russia 


Needle-prime  musket 

"  Niagara,"  monster  American  firigate,  descriptioii  of 
Noble,  Captain,  on  the  theory  of  probabilities  in  artil- 
lery practice 


o. 


Oblong  shot,  b^  Captain  Thistle  and  Dr.  Minesinger 

cylindrical,  when  advantageous 

erratic  character  of  if  they  do  not  rctate    . . 


9 

11 

1 

17 

12 

10 

351 
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Tab.  xxiii. 

App.B.    V 

^  Tab.  xxiii.  / 1 

!    App.  B 

Tab.  xxiii 

5|t5 

281 

243 


}; 


11.)  I 


I 


Odessa,  bombardment  of,  in  1854 

'*  Old  Britain,"  experiments  against  iron  plates  on,  atl 

short  range'     ] 

Ordnance,  Lancaster's,  experiments  with       

of  the  **President"  and  "Chesapeake"    .. 

Ordnance,  large,  cast  at  Liverpool  for  the  ship  "  Princeton*' 

cast  for  the  pasha  of  Egypt 

executed  in  wrought  iron  by  the  Mersey  Iron) 

Company  for  the  Grovemment      .'.      ..) 

experiments,  table  of,  with  ditto 

of  excessive  size,  unsuitable  for  land  or  sea  service 

ranges  obtained  with      

■  used  by  the  French  against  Cadis  and  Antwerp 

Oscillation,  centre  of 

Oxygen   and  carbonic  acid,   how  removed   in   manu-) 

ncturing  iron      . .  f 
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P. 

Paixhans,  General,  observatioDS  on,  on  the  use  of  in 

ceudiary  projectiles        . .      

propossd  of,  in  1821,  to  cover  ships  with  iron\ 


} 


plates 


/ 


Piuxhans  guns,  different  kinds  of,  in  the  French  navy 

'  restricted  to  firing  hollow  shot 

more  destructive    against    large,  than  against  i 

small  ships        / 

"Pallas,"  armament  of,  exhibits  character  of  Russian 

armed  frigates  in  general       

Palmer  and  Co/s  iron  plate,  effect  of  Armstrong  80-pr. 

against 
Parabolic  theory,  application  of  the,  when  the  imtial\ 

velocities  are  smidl 

equation  for  the  trajectory  on  the 

'  reasons  for  noticing  the        

Parasol  plug,  described      

■  inapplicability  of,  with  iron  plates 

Pendulum  for  laying  naval  ordnance       

ballistic,  description  of  the 

ballistic,  in  France,  and  in  the  United  States 

ballistic,  invented 


/ 


Penetrating  force,  importance  of,  exemplified  in  the) 
effects  produced  on  board  the  '*  Chesapeake"  ahd) 

"Shannon"      j 

■  necessity  of  insuring      .>      

— —  of  solid  and  hollow  shot  compared 

relative,  of  the  canon-obusier  of  80  and  British ) 


ordnance 
— -  the  importance  of,  illustrated 
with  bored-up  guns 


; 


Penetration  of  shot,  formula  for  the 

experiments  on  the,  are  discordant 

tables  of  the 


Penetration  of  grape  shot  into  oak 

of  hollow  snot,  results  of  experiments  on  the    . . 

of  solid  shot  into  water,  results  of  experiments) 

on  the        j 

of  solid  shot  into  wood^  res^^ts  of  experiments) 


on  the 

of  two  shots  fired  at  once 


/ 


Percussion-fuze,  bv  Captain  Moorsom     

Percussion-shells  defined 

may  be  ignited  by  a  blow  from  a  solid  shot 

not  fit  for  dismantling  purposes 


Percussion  and  concussion  shells  less  destructive  than) 

shells  with  fuzes      / 

gun-caps,  Report  of  the  Naval  Committee  on,  by 


) 


Major  Jacob 

locks 

: —  muskets  and  Mini^  rifles,  table  of  comparative) 

accuracv  of      j 

Pile  of  snells,  ex{>eriments  to  determine  the  effects) 

arising  from  a,  being  struck  by  shot      j 

Pillar-breech  musket  (French) 

-^—  by  Lancaster 

Plate  of  wrought  iron,  experiments  against,  at  Woolwich, ) 

1858 J 

Platform,  circular,  for  pivot-guns     
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Plane-bored  guns,  rifling  applied  to,  not  saccessful 

experiments  at  Woolwich  with 

Point-blank  range,  eqoation  for  the 

greatest  possible,  desiderated       

the  greatest,  preferred 


} 


with  the 


} 


Ports  of  ships,  nomber  of  shots  likely  to  pass  throagh 

Ports,  the  dimensions  of,  on  board  of  French  ships 

Powder  in  a  shell  supposed  to  become  ignited  by  per- 
cussion        

Power  of  impact  should  be  contemplated        

Practical  gunnery,  subjects  of  instruction  in,  indicated 

Preponderance,  effects  of 

in  Sir  W.  Congreve's  gun 

•*  Preffldent "  and  "  Chesapeake,"  action  between  the    . 

ordnance  of  the       

Prichett  rifle-bullet,  &ilure  of,  how  caused 

Probabilities  of  striking  an  object  increase 

charge       

diminish  with  the  increase  of  distance 

Projectile  force,  necessity  of  preserving  the 

Projectiles,  asphixians 

cylindiy-conical,  by  M.  Delvigne         

cylindro-conical,  by  Captain  Norton 

cylindro-conoidal,  byCavalli  and  Wahrendorff.. 

cylindro-conoidal,  defects  of,  in  ricochet  firing . . 

ellipsoidal        

•  excentric  spherical 

incendiary,  disasters  occasioned  by     

incendiary,  inhumanity  in  using 

solid  and  hollow,  when  large  strike  more  fre- ) 

quently  than  when  small       f 

Proof,  ordinary,  of  8-inch  guns  in  England  and  of  canons- \ 
obusiers  in  France 

Propulsion,  steam,  of  battle  ships  should  be  inherent  in 
the  ship  itself 

Psyche,  armament  of  the 
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231,  Note 

348 
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Quarter-sights,  the  use  of 

Quick  firing,  attention  paid  to  means  of  effecting,  in  France 

decisiveness  of  in  close  action 

depends  on  manual  strength  of  gun's  crew 


R. 


Range,  cause  of  a  supposed  diminution  of,  when  shot  isl 

fired  over  a  valley  or  the  sea / 

equation  for  the,  in  air 

equation  for  the,  in  vacuo 

equation  for  the  maximum 

increased  by  the  use  of  excentric  shot 


478 
523 
521 
522 


Ranges  at  sea  and  land  compared 

comparative,  of  ^  "  a  42-pr- 


-^in. 


gun 


gun 


comparative. 
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143 
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93 

186 

145 

218 
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RaDges,  effective,  of  doable  shot  and  compound  loading 
elevations  which  give  equal,  in  d2-prs.,  8-inch) 

and  10-inch  guns j 

exceptional  should  be  reserved  for  extraordinary! 

cases / 

from  a  68-pounder  gun 

great  differences  in,  correspond  to  small  differ- 1 

ences  in  vertical  height  on  an  object  struck       . .      . .  i 
in  the  parabolic  theory,  vary  with  the  squares  of) 


the  initial  velocities 

of  Armstrong  guns        

of  a  24-pound  shot  in  air  and  vacuo  compared . . 

of  English  and  French  guns  compared 

of  heavy  shot  longer  than  of  lighter  shot  . . 

of  solid  and  hollow  shot  compared      

of  solid  shot  exceed  those  of  hollow  shot  with\ 

equal  diameters  and  charges 

of  Whitworth  guns       

point-blank,  guns  affording  the  longest,  prpfer- 


/ 


able 


with  long  and  short  guns  compared 

with  some  very  large  guns 

Reaming  out  guns,  originated  in  1830     

Recoil,  effect  of,  on  the. range  and  direction 

formula  for  the  velocity  of 

increases  with  the  elevation  of  the  gun,  in  some) 

cases f 

Recoils,  table  of 

Red-hot  shot,  effect  of,  against  iron  plates       

the  charges  for,  are  three-quarters  of  the  full) 


charge 

used  against  the  l^irks 


I 


Reflection  of  shot  from  water,  results  of  experiments  on 

the .. 

Regulation  musket,  experiments  to  determine  the  merits  of 
rifle,  experiments  to  determine  the  merits  of 


Resistance  of  air,  expression  for  the  retardation  arising^ 

from  the 

law  of  the,  deduced  by  the  pendulum  and  whirl 


i 
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ing  machine 

manner  of  finding  the,  from  tables 

to  the  motion  of  shot     


Resistance,  equation  for  the  solid  of  least        

of  the  air,  experiments  on  the      

of  the  air  on  the  ballistic  pendulum    . .      . .      . . 

Retardative  force,  arising  from  the  resistance  of  the  air 
'  Revue  Europceune,'  notice  in,  of  the  Armstrong  and) 

Whitworth  guns      / 

Ricochet  fire,  effective  distance  for 

efficiency  of,  impaired  in  long  ranges  by  the  use) 


of  elongated  shot 

from  water,  effects  produced  after 

inferiority  of,  to  direct  fire 


Rifle-gun,  compared  with  a  32-pr.  smooth-bore 

loaded  at  the  breech  by  Cavalli   . . 

loaded  at  the  breech  by  Wahreudorff  . . 

Rifle-guns,  ancient       

cast-iron  unsuitable  for 

strain  upon,  how  caused        
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Article. 


Page 


lUfle  elongated  projectiles,  peculiar  facalty  of  when  fired  1 
at  depression  below  water-line      J 

Rifle-muskets       

manner  of  sighting        

needle-prime,  or  zundnadelgewehr      

needle-prime,  compared  with  English  rifles 

objections  to,  when  loaded  at  the  breech 

— i with  cup 

with  elliptical  bores       

■  with  pillar,  by  Lancaster      j 

with  tige 

Rifle-practice  at  Hythe,  table  of  supplied  by  Colonel  Hay 

Rifled  projectiles  retain  more  of  their  initial  velocity  atl ! 
the  same  distance  than  spherical  pfojectilcs       . .      . .  / 

Rifling  applied  to  plane-bored  guns  ..      .. '   .. 

•^-^—  hitherto  unsuccessful  character  of 

Robins,  Mr.,  maxims  of,  controverted 

Rockei  defects  of  the 

height  to  which  a,  will  ascend,  and  distance  at 


455 


424 


which  the  explosion  of  a,  can  hie  seen 

proposed  by  Mr.  Hale 

stick,  use  of  the 

troop,  in  what  the,  connsts 


} 


"}: 


1 


Rockets,  cause  of  the  propulsion  of 

danger  of,  on  board  ship       

fired  from  ships  at  Tangier  in  1 844    . . 

impediments  to  the  motion  of      

nature  of,  for  military  purposes 

used  at  Leipzig,  at  Flushing,  at  the  passage  o! 

the  Adour        

Rotation  of  the  earth,  deviation  produced  by  the   . . 

■  of  shot,  deviations  produced  by  the 

of  shot,  eflfects  of,  in  riochet  firing 

Rotations  of  solid  and  hollow  shot  compared 

Royal  Military  College,  Sandhurst,  discouragement  of, 

by  withdrawal  of  public  grants 

Russian  navy,  establishment  of,  before  the  war  in  1854 
ships  of  war  draw  less  water  than  the  English) 

ships )i 

— ^—  strength  of  the        ] 

strength  of  during  war  with  Turkey  in  1829    ..   j 

Russians  do  not  use  percussion  or  Billette  shells   .. 

rifles  used  by  the,  at  the  battle  of  the  Alma 

Rumford,  Count,  experiments  of,  on  ignition  of  gun-1 ' 

powder      . .      . .      I 

Running  butt  at  large  ships,  doubtful  success  of  steam-) 

rams  applied  to       f 

experiments  should  be  made  to  test  effects  of  .. 

Rust,  necessity  of  preserving  shot  from , 
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Scheldt,  2-gua  battery  in,  beat  off  French  SO-gun  ship  in) 

1814 i 

Sch(K)l.  naval  gunner}*,  on  board  the  **  Excellent  " 
Sea  defences,  our,  now  an  object  of  serious  consideration 
Seamen  acting  with  troops  on  shore,  organization  of  for^ 
•  lauding * 
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Seamen,  importance  of  having  a  portion  of,  trained  to 

warlike  practice      

sbonld  be  engaged  for  terms  of  years . . 

~  the  proficiency  of,  in  warlike  practice  diminished^ 

daring  the  peace     I 

Seamen-gunners,  certificated,  not  sufficiently  encouraged 
mgates  of  instruction  appropriated  for,  in  the) 

French  navy    «.      j 

inconvenience  of  disbanding        

■ manner  of  employing 

•  number  of,  trained 

■  numbers  of  should  be  augmented  equally  with  I 

land-service  artillery      j 

qualified,  increased  pay  and  long-service  pensions! 

accorded  to      / 

should  be  induced  to  renew  their  engagements 

Sevastopol,  combined  attack  of  allied  fleets  on,  in  1854 
naval  attack  of  in  1854,  sailing-slups  led  intol 

iffside 


action  by  steam-vessel  lashed  alon^i 
"  Shannon  "  and  "  Chesapeake,"  action  between  the 


; 


penetrating  effects  of  shot  on  the 


Shell,  enects  produced  by  a,  exploding  on  board  a  ship 

— ^-^  precaution  to  be  used  on  placing  one  in  a  gun  . . 

Shell-boxes,  dimensions  of        

Shell-firing,  horizontal,  experiments  on 

may  be  used  against  near  objects,  fh>m  on- 
chambered  guns      

Shell  fired  horizontally,  case  in  which  a,  produces  the 
greatest  effect 

Shell-gun,  weight  of  the,  compared  with  the  weight  o 
the  canon-obusier 

8-inch,  compared  with  a  32-pounder  gun  . . 

— = 8-inch,  experiments  with  a,  to  determine 


"} 


its) 
litf 


strength  when  solid  and  hollow  shot  are  fired  from 

—  8-inch,  inferior  to  ik  32,  42,  or  a  56  pounder  gun 

8-inch,  strength  of,  to  resist  the  fire  of  double ) 

shot • / 


} 


8-inch,  trial  of  a,  double  shotted        

10-inch,  inferior  to  a  68-pounder  gun,  for  pro- 
jecting solid  shot    

Shell-guns,  and  solid-shot  guns,  proportion  between  thej 
numbers  of,  on  board  of  ^French  ships  of  war  of} 

different  classes       . . 

may  be  properly  designated  sea-service  hovritzers 


or  chambered  gnns 

proportion  of,  on  board  of  English  ships  of 


) 


different  rates 
8-inch,  compared  with  d2-pounder8  in  respect) 

of  weight  and  number / 

Shell-rooms  in  ships  of  war,  situation  and  dimensions  of 
the  crowns  of,  are  not  sufficiently  below  the) 


water-line 
Shells,  concussion  and  percussion  defined 

danger  of  bringing  up,  and  placing  on  deck 

effects  of,  when  grazing  water 

effects  of,  wheodperforating  a  ship's  side   . . 

experiments  with  Freebum's  concussion  . . 

filled  with  sand  or  lead 

fired  from  long  guns      
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Shells  fired  horizontally  thoold  explode  od  striking     .. 

fired  nith  ^eat  velocity  lass  destructive  to  tbej 
material  aod  less  to  the  crev,  tbsn  snch  as  imbed! 

IheniBelves  in  Ihe  wood | 

frequently  strike  an  object  withoat  explodlDg  . . 

increased  thickness  of.  recomincuded 

■ in  exploding,  act  4U  mines 

' loaded,  compared -with  hollow  fihol 

■ manner  of  filling  on  board  ships 

manner  of  slowing,  on  board  of  ships  of  war    .. 

not  Buiiable  for  dismnntling  purposes 

number  of,  on  the  fighting -decks  of  ship*  of  war 

pnsB   tbrougli  thin   wrought-iron    plates   in    a{ 

broken  state I 

placed  on  shelves,  or  triced  to  beams  on  tht  figbt- 1 

ing-deek« ;      I 

precautionE  lo  be  used  in  filling,  on  board  ship 

should  be  slowed  tar  from  the  sides  of  ships 

' sbould  not  be  permitted  on  the  fighling-declts  - - 

■ why  adopted  in  llie  American  navy 

with  lime-fuzes  Tinsuoccsafnlly  employed  bj  Sir: 

George  Collier 

8-inch  and    0-inch,  costs  of 

Ship's  batteries,  necessity  of  intelligence  in  officers  eom-i 

manning  a       

Ships  of  war  require  armaments  of  long  aud  powerful  I 

guns 

great,    should   attack    land'balteries  when   at 

anchor      

reasons  why  the  lengths  of,  bare  beeo  increased 

small,  preferred  to  large  ones,  when  armed  for 

sbetl  firing        

small,    should   attack    land-batteries    when   in 


Short  guuE,  purtialily  fur.  itt  one  time 

Shot,  caotiona  for  preserving 

cylindm-conieal      ' 

cylindro-conoidal 

disposal  of  on  shipboBrd       

iloulile  iin  J  triple,  compared 

double,  effective  ranges  of 

double,  irregularities  in  firing  with 

effects  of,  when  Bred  against  plates  of  iro; 

effects  of,  when  fired  against  masses  of  ci 

effects  produced  by,  on  the  "  Lizard  " 

elliptical 


279  Note 

265  Note 


-  experiments  with  grape  and  round,  fired  together  ' 

-  fired  at  depression  below  vater-line,  effects  of  . .  ■ 
-formed  like  the  solid  of  least  resistance,  ad-i' 
taffsof       ;, 

-  heavy,  superior  range  of       L 

~  liollow,  advantujies  of,  " ith  respect  to  fractures    ■ 
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Shot  of  wrought-iron  proposed 

oblong,  by  Captain  Thistle  and  Dr.  Minesinger 

red-hot       

reflected  from  water      

shells  and  metal  fuzes,  proportion  of,  for  British ) 

ships j 

— ^-^  single  and  double,  comparative  times  of  loading) 

with       •.      ] 

— • solid  and  hollow,  with  loaded  shells,  comparative! 

accuracy  of,  fired  from  a  68-pounder  gun f 

sphericity  and  homogeneity  of,  necessary  . . 

splintering  effects  of,  the  number  of  hits  being^ 

equal / 

splintering  effects  of,  vary  with  the  square  of) 

the  diameter f 

triple,  limits  to  the  employment  of 

Shot-proof  ship,  none  hitherto  produced 

Shrapnel,  Major-General,  invented  spherical  case-shot . . 

Shrapnel  shells,  case  in  which,  are  useful       

cause  of  the  premature  explosions  of 

Shutters  of  iron  plate,  proposed  use  of,  in  embrasures  . . 

— failure  of  closing  by  blast  of  gun        

proposal  of  the  author  to  close  by  strong  gutta ) 

percha  ropes  to  gun-carriage        f 

Sir  Sydney  Smith,  combined  attack  on  fort  by  land  and ) 

sea,  successful  under      f 

Sights,  employment  of,  for  rifles      *    . . 

Simultaneous  charging,  or  loading,  recommended . . 
Solid  and  hollow  shot,  comparative  value  of  . . 

Solid  of  least  resistance,  equation  for  the        

•  advantages  of  shot  formed  like  the     

Solid  shot  against    iron   plates,   effects  of,  have  the) 

nature  of  shells       I 

convergent  should  be   used  by  ships   against  ^ 

stone  casemated  batteries      / 

from  long  guns,  more  powerful  than  hollow  shot) 

from  shell-guns      f 

Solid-shot  guns  effective  against  ships  firing  shells 

preferable,  in  fixed  batteries,  to  shell-guns 

Spherical  case-shot,  see  Shrapnel  shells. 

— ; —  projectiles,  excentric      

Splinters,  necessity  of  obtaining  the  greatest  effects  from 
Staff  College,  British  (Senior  Department  of  Sandhurst 'i 

College),  discouragement  of / 

— ^—  qualified  officers  supplied  to  the  British  army  by 
Steam  navy,  British  armament  of  the,  in  1860 

British,  strength  of  the,  in  1860 / 

of  France        < 

of  Russia         I 

Steam  power  for  battle  purposes,  propulsion  should  be ) 

inherent  in  ship  itself f 

Steam-rams  could  be  easily  eluded  by  an  enemy   . . 

doubtful  use  of       

proposed  application  of 

Steam-tugs,  risk  in  using 

Steam-vessels,  long  guns  proposed  for 
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Steel  plates,  effects  of  68-pr.  shot  a^inst       

Stone  and  iron  the  worst  combinaaon  of  materials  for| 

defensive  works       / 

Strip,  cause  of,  in  Lancaster's  muskets 

**  SnsquehanA,*'  American  paddle  steam-frigate,  descrip- 1 

tion  of      ) 

Sveaborg,  bombardment  of  in  1854 


T, 


ABTICZiE. 


Tactics,  naval,  of  single  actions 

Tamisier,  projectile  of^  with  circular  grooves 

Tangent-scale      

Tangier,  Prince  de  Joinville's  attack  on  . . 
Terminal  velocity  of  a  shot  and  of  a  shell 
investigated 


Theory  of  gunnery,  ad vantege  of  cultivating  the 

'I^g^y  by  Colonel  Thouvenin     

Time  of  flight,  inidr 

in  vacuo 


Times  of  loading,  with  single  and  double  shot,  compared 

Time-fuze,  composition  of  a      

though  capped,  may  become  ignited 

Time  fiizes  divided  into  classes        

frequently  fail  in  horizontal  shell-firing    . . 

mav  be  advantageously  employed  in  some  cases 

Toggle  and  tripping  line 

Top-sights,  by  Sir  William  Congreve 

Totten,  General,  expedients  proposed  by,  for  8trength-\ 

ening  masonry  defences,  ineffectual     

Trajectory,  equation  for  the,  in  vacuo 

equation  for  the,  in  air 

in  air  and  in  vacuo  differ  in  form        

■  of  a  shot  should  be  nearly  horizontal  for  guus  in 

a  coast-battery 

of  a  cylindro-conoidal  projectile 


} 


} 


} 


Transport  of  large  bodies  by  sea,  every  facility  of  in  the| 
present  day,  but  difficulty  of  effecting  a  debarkation  / 

Triple  shot,  umits  to  the  employment  of        

"  TVnsty,"  experiments  against,  her  shattered  state  in 
timberwork  as  well  as  iron  plates        

number  of  shots  fired  Uirough  her  ports    . . 


u. 


**  Undaunted,"  experiments  against  the,  at  Portsmouth 
conclusions  derivable  From 
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provements  in  construction  and  armament  of  ships    .'.  | 
opinion  of,  that  future  naval   actions  will  bel! 

decided  by  shells f 

prefer  large  vessels  with  a  small  number  of  heavy  i| 

guns j\ 

United  States*  frigates  in  1813  had  superiority  of  range  ji 

over  British / 
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V. 

Va&iam  behind  a  shot  in  its  flight 

**  Valmy,"  French  ship  of  war,  accident  on  board  the  . . 
Veloci^  of  shot  depends  partly  on  the  diameter  of  the) 

cartridge j 

— —  effects  of  windase  on  the      

■  empiri<»l  formmse  for  the 

— —  experiments  at  Washington  to  determine  the    . . 
•^—  formula  for    determining  the,    on    striking    a 


) 


pendulum 

—  formula  for  the,  in  air 

formula  for  the  initial,  and  for  the  velocity  at"^ 

different  distances  from  the  gun / 

formula  for  the,  given  by  French  artillerists   . . 

—  formula  for  the  initial,  in  terms  of  the  charge  . . 
formula  for  the,  when  discharged  from  a  sus-) 

pended  gun      j 

in  the  parabolic  theory         

■  law  of  the  decrements  of      

loss  of,  by  windage        

— —  maximum,  length  of  charge  producing  the 

-^—  not  affected  by  the  use  of  wads 

of  a  gun's  recoil      . .      . .  | 

relative,  of  single  shot  and  two  shot  fired  together 

—  terminal  in  shot  and  shells 


Abticle. 


Velocities  of  balls  of  different  weights 


w. 


Wad  of  cork,  use  of  a        

Wads  do  not  affect  the  velocity  of  shot  . .     .  • 

^— —  enunmet,  preferred  to  those  of  junk 

'  for  muskets  should  be  of  the  stiffest  material    . . 

tight,  not  to  be  used  in  quick  firing 

Wahrendorff  gun        

experiments  with  the 

superiority  of  the,  to  Cavalli's  gun 

Wahrendorff,  Baron,  a  24-pounder  invented  by     .. 

■  cylindro-conical  projectiles  by     

Walcheren,  expedition  to  . .      . .  ^ 

"Warrior,"  shot-proof  steam  frigate,  description  and) 

armament  of j 

■  could  not  double  on  retreating  enemy 

multiplication  of  such  unwieldy  craft  not  desirable 

prismatic  form  of 

rolling  motion  of,  will  be  fatal  to  good  gunnery) 

practice I 

Weights*  of  foreign  ordnance,  table   to    convert  intol 

English  lbs .- / 

Wellington,  successful  debarkation  of  on  the  Mondcgo 

Whitworth  gun,  account  of  

bursting  of,  at  Portmouth,   attributed   to  the ) 

inferior  metal  made  use  of j 

elongated   projectiles,  gouging  effect   produced  I 

by  rapid  rotation j 

experiments  with  60-pounder  hexagonal   shot  I 

against  the  **  Alfred  "  at  Portsmouth  in  1858     . .      . .  J 
experiments  with  against  the  **  Trusty  "    . . 
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Whitworth  gim,  experiments  with  against  the  "Levia-'^ 

than,"  fired  IhjIow  water-line         / 

experiments  with  at  Hy the,  table  of 

hexagonal  flat-headed  shot,  great    penetrating) 

power  of ) 

projectiles  used  with      

projectiles  deficient  in  not  having  the  nature  of) 

shells / 

— ^->  projectiles  not  sufficiently  damaging  to  ships     . . 

ranges  obtained  with     

'  rifle  muskets,  penetrating  power  of  due  to  small- '^ 

ness  of  bore      / 

Whirling  machine,  description  of  the       

experiments  with  the 

Windage,  amount  of,  for  iron  ordnance 

definition  of 

loss  of  velocity  by,  formula  for  the     

of  French  ordnance       

of  field-guns 

of  shells  different  from  that  of  shot 

of  siege  and  oarrison  guns 

of  8-ineh  shell-guns,  anomaly  in  the 

prejudicial  effects  of  high      

reduced,  advantage  of,  in  brass  guns 

reduced,  dangers  of,  obviated      

scale  of,  proposed 

Wooden  plug,  recommended  by  Colonel  Hay  for  regnla-l 

tion  rifle-bullet ) 

Works,  isolated,  should  be  attacked  in  detail 

Wrought-iron,  probable  prevalence  of  the  use  of,.in"i 

manufacture  of  artillery        / 

manufacture  of,  Nasmy  th  and  Bessemer's  processes 

z 

Zundnadelgewehr,  or  needle-prime  rifle 
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